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ABSTRACT 


Laboratory  tests  were  conducted  on  representative  rock  core 
specimens  received  from  six  core  holes  located  in  Clinton,  Essex, 
Franklin,  and  Warren  Counties  near  Plattsburgh  Air  Force  Base, 

Hew  York.  The  resul* s of  these  tests  were  used  to  g age  the  qual- 
ity and  uniform!/  j - f the  rock  to  depths  of  200  feet  below  ground 
surface . 

The  core  was  petrographically  identified  as  predominately 
quartz  sandstone  and  granite  gneiss  with  relatively  small  amounts 
of  amphibolite  and  mica  schist.  Schmidt  hardness,  specific  grav- 
ities, compressional  wave  velocities,  and  ultimate  uniaxial  com- 
pressive strengths  varied  considerably  throughout  the  area,  de- 
pending primarily  on  rock  type,  bedding,  and  nature  and  degree  of 
fracturing  and/or  banding  present,  if  any. 

A hole-to-hole  evaluation  of  the  area,  based  on  physical 
properties  exhibited,  indicates  that  the  sandstone  yielded  by 
Holes  P-CR-64  and  P-CR-72  was  generally  competent  rock,  provided 
anisotropy  is  not  a disqualifying  quality.  The  granite  gneisses 
tested  from  Holes  P-CR-22  and  P-CR-81  would  also,  in  spite  of  the 
presence  of  some  material  of  marginal  quality,  appear  to  be  rela- 
tively competent  rock.  The  gneiss  received  from  Holes  P-CR-8  and 
P-CR-46  contained  significant  amounts  of  incompetent  material. 
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More  extensive  investigations  will  be  required  in  order  to  accu- 
rately assess  the  areas  under  consideration. 


r 
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PREFACE 


This  study  w as  conducted  in  the  Concrete  Division  cf  the  U.  S. 
Array  Engineer  Waterways  Experiment  Station  (WES)  under  the  sponsorship 
of  the  U.  S.  Air  Force  Space  and  Missile  Systems  Organization  (SAMSO) 
of  the  Air  Force  Systems  Command.  The  stud;/  was  coordinated  with 
CPT  Rupert  G.  Tart,  Jr.,  SAMSO  Project  Officer,  Norton  Air  Force  Base, 
San  Bernardino,  California.  The  work  was  accomplished  during  October 
and  November  ofl^Cg.  under  the  general  supervision  of  Mr.  Bryant 
Mather,  Chief,  Concrete  Division,  and  under  the  direct  supervision  of 
Messrs.  J.  M.  Polatty,  Chief,  Engineering  Mechanics  Branch,  W.  0. 
Tynes,  Chief,  Concrete  and  Rock  Properties  Section,  and  K.  L.  Saucier, 
Project  Officer.  Mr.  C.  R.  Hallford  was  responsible  for  the  petrogra- 
phy work.  Mr.  R.  W.  Crisp  performed  the  majority  of  the  program  anal- 
ysis and  prepared  this  report. 

Director  of  the  WES  during  the  investigation  and  the  preparation 
and  publication  of  this  report  was  COL  Levi  A.  Brown,  CE.  Technical 
Director  was  Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 
British  units  of  measurement  used  in  this  report  can  be  converted  to 


metric 

units  as  follows . 

Multiply 

By 

To  Obtain 

inches 

2.54 

centimeters 

feet 

0.3048 

meters 

feet  per  second 

0.3048 

meters  per  second 

pounds 

0.45359237 

kilograms 

pounds 

per  square  inch 

0.070307 

kilograms  (force)  per  square 
centimeter 

6.894757 

kilonewtons  per  square  meter 

CHAPTER  1 


r 

I 


INTRODUCTION 

1 . 1 BACKGROUND 

The  purpose  of  this  study  was  to  supplement  the  information  being 
obtained  for  the  area  evaluation  study  by  the  U.  S.  Air  Force  Space 
and  Missile  Systems  Organization  (SAMSO) . It  was  necessary  to  deter- 
mine the  properties  of  the  specific  materials  for  (l)  evaluation  of 
the  area  as  a hard  rock  medium,  (2)  utilization  in  the  various  com- 
puter codes  for  ground-motion  predictions,  and  (3)  as  necessary,  for 
design  of  structures  in  the  medium.  Results  of  tests  on  cores  from 
Clinton,  Essex,  Franklin,  and  Warren  Counties  near  Plattsburgh  Air 
Force  Base,  New  York,  are  reported  herein. 

1.2  OBJECTIVE 

The  objective  of  this  investigation  was  to  conduct  laboratory 
tests  on  samples  from  study  areas  to  determine  the  integrity  and  the 
mechanical  behavior  of  the  materials  as  completely  as  possible , ana- 
lyze the  data  thus  obtained,  and  report  the  results  to  appropriate 
users. 

1.3  SCOPE 

Laboratory  tests  were  conducted  on  samples  received  from  the 
field.  Table  1.1  gives  pertinent  information  on  the  various  tests. 
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Tests  conducted  to  determine  the  general  quality,  uniformity,  and 
integrity  of  the  rock  in  the  area  sampled  included:  (l)  relative  hard- 

ness (Schmidt  number),  (2)  specific  gravity,  (3)  porosity,  (4)  uncon- 
fined compression  (conventional  and  cyclic  compression),  (5)  elastic 
moduli,  and  (6)  sonic  velocity. 

Special  tests  conducted  respectively  (l)  to  determine  the  degree 
of  anisotropy  of  the  sampled  rock  and  (2)  to  facilitate  comparison  of 
results  of  direct  and  indirect  tensile  tests  were:  (l)  dynamic  elas- 

tic properties  along  three  mutually  perpendicular  axes  and  (2)  tensile 
strength.  A limited  petrographic  examination  was  also  made. 

1.4  SPECIMENS 

Specimens  were  received  from  six  holes  in  the  Plattsburgh  area. 
These  holes  were  designated  P-CR-8,  P-CR-22,  P-CR-46,  P-CR-64,  P-CR-72, 
and  P-CR-81.  All  specimens  were  NX  size  cores  (nominal  2-1/8- inch'1' 
diameter) . Test  specimens  of  the  required  dimensions  as  presented  in 
Table  1.1  were  prepared  for  the  individual  tests.  Quality  and  uni- 
formity tests  were  conducted  on  selected  specimens  from  all  holes. 
Special  tests  were  conducted  on  specimens  selected  from  the  various 
holes  to  represent  differences  in  rock  type. 


A table  of  factors  for  converting  British  units  of  measurement  to 
metric  units  is  presented  on  page  8. 
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1.5  REPORT  REQU1REKEI1TS 

The  immediate  need  :‘or  the  test  results  required  that  data  re- 
ports be  compiled  and  : rwarded  tc  the  users  as  w rk  was  completed  on 
each  hole.  The  lata  reports  of  the  individual  test  results  are  in- 
clude! : erein  as  Appendixes  A through  F. 
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A 


TABLE  1.1  SUMMARY  OF  TESTS 


CHAPTER  2 


TEST  METHODS 


2.1  SCHMIDT  ITUMBER 

The  Schmidt  number  is  a measure  of  the  relative  degree  of  hard- 
ness as  determined  by  the  degree  of  rebound  of  a small  mass  propelled 
against  a test  surface.  The  test  was  conducted  as  suggested  in  Refer- 
ence 1 (a  Swiss-ma.de  hammer  was  used)  except  that  12  readings  per  spec- 
imen were  made.  The  average  of  these  readings  is  the  Schmidt  number 
or  relative  hardness.  The  hardness  is  often  taken  as  an  approximation 
of  rock  quality,  and  may  be  correlated  with  other  physical  tests  such 
as  strength,  density,  and  modulus. 

2.2  SPECIFIC  GRAVITY 

The  specific  gravity  of  the  "as-received"  samples  was  determined 
by  the  loss  of  weight  method  conducted  according  to  Method  CRD-C  107 
of  Reference  2.  A pycnometer  is  utilized  to  determine  the  loss  of 
weight  of  the  sample  upon  submergence.  The  specific  gravity  is  equal 
to  the  weight  in  air  divided  by  the  loss  of  weight  in  water. 

2 . 3 POROSITY 

Porosity,  herein  defined  as  the  volume  of  voids  expressed  as  a 
percentage  of  total  volume,  was  determined  after  the  samples  utilized 
for  the  specific  gravity  test  had  been  dried  to  constant  weight.  The 
amount  of  water  forced  into  the  test  sample  under  1,200-psi  fluid 
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pressure  in  a pressure  pycnometer  was  carefully  measured.  Utilizing 
the  known  density  of  the  water,  the  void  space  in  the  test  specimen 
was  calculated. 

2.4  INDIRECT  TENSION 

Tensile  strength  was  determined  by  the  indirect  method,  commonly 
referred  to  as  the  tensile  splitting  or  Brazilian  method,  in  which  a 
tensile  failure  stress  is  induced  in  a cylindrical  test  specimen  by  a 
compressive  force  applied  on  two  diametrically  opposite  line  elements 
of  the  cylindrical  surface.  The  test  was  conducted  according  to 
Method  CRD-C  77  of  Reference  2. 

2 . 5 DIRECT  TENSION 

For  purposes  of  comparison,  specimens  were  prepared  and  tested 
for  tensile  strength  according  to  the  American  Society  for  Testing  and 
Materials  (ASTM)  proposed  "Standard  Method  of  Test  for  Direct  Tensile 
Strength  of  Rock  Core  Specimens."  Tensile  splitting  tests  were  con- 
ducted on  specimens  cut  adjacent  to  the  direct  tensile  test  specimens. 

For  the  direct  tension  tests,  the  specimens  were  right  circular 
cylinders,  the  sides  of  which  were  straight  to  within  0.01  inch  over 
the  full  length  of  the  specimen  and  the  ends  of  which  were  parallel 
and  not  departing  from  perpendicularity  to  the  axis  of  the  specimen  by 
more  than  0.25  degree.  Cylindrical  metal  caps  were  cemented  to  the 
ends  of  the  specimen  and  provided  the  means  for  applying  the  direct 


tensile  load.  The  load  was  applied  continuously  by  a 30, 000 -pound- 


capacity  universal  testing  machine  and  at  a constant  rate  such  that 
failure  occurred  within  5 to  15  minutes. 

2.6  COMPRESSIVE  STRENGTH  TESTS 

The  unconfinod  and  cyclic  compression  test  specimens  were  pre- 
pared according  to  ASTM  and  Corps  of  Engineers  standard  method  ■ f test 
for  triaxial  strength  of  undrained  rock  core  specimens  (CRD-C  l4y, 
Reference  2).  Essentially,  the  specimens  were  cut  with  a diamond 
blade  saw,  and  the  cut  surfaces  were  ground  to  a tolerance  of  0.001 
inch  across  any  diameter  with  a surface  grinder  prior  to  testing. 
Electrical  resistance  strain  gages  were  utilized  for  strain  measure- 
ments, two  each  in  the  axial  (vertical)  and  horizontal  (diametral) 
directions.  Static  Young's,  bulk,  shear,  and  constrained  moduli  were 
computed  from  strain  measurements  and  were  based  on  tangent  moduli 
computed  at  50  percent  of  the  ultimate  strength.  Stress  was  applied 
with  a 440,000-pound-capacity  universal  testing  machine. 

2.7  DYNAMIC  ELASTIC  PROPERTIES 

Bulk,  shear,  and  Young's  moduli,  Poisson's  ratio,  compressive  ve- 
locity, and  shear  velocity  were  determined  on  selected  rock  specimens 
by  use  of  the  preposed  ASTM  "Standard  Method  of  Test  for  Laboratory 
Determination  of  Ultrasonic  Pulse  Velocities  and  Elastic  Constants  of 
Rock." 
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Specimens  were  prepared  by  cutting  the  ends  of  the  NX  core  with  a 
diamond  blade  saw,  and  grinding  these  surfaces,  with  a surface  grinder 


to  a tolerance  of  0.001  inch  across  any  diameter. 

The  test  method  essentially  consisted  of  generating  a wave  in  the 
specimen  with  a pulse  generator  unit  and  measuring,  with  an  oscillo- 
scope, the  time  required  for  the  compression  and  shear  waves  to  travel 
the  specimen,  the  resulting  wave  velocity  being  the  distance  traveled 
divided  by  the  travel  time.  These  compressive  and  shear  velocities, 
along  with  the  bulk  density  of  the  specimen,  were  used  to  compute  the 
elastic  properties. 

In  the  case  of  the  special  tests  used  to  determine  the  degree  of 
anisotropy  of  the  samples,  compression  and  shear  velocities  were  meas- 
ured along  two  mutually  perpendicular,  diametrical  (lateral)  axes  and 
along  the  longitudinal  axis . This  was  facilitated  by  grinding  four 
l/2-inch-wide  strips  down  the  sides  of  the  cylindrical  surface  at  90- 
degree  angles  and  generating  the  compressive  and  shear  waves  perpen- 
dicular to  these  ground  surfaces . 

2.8  PETROGRAPHIC  EXAMINATION 

A limited  petrographic  examination  was  conducted  on  samples  se- 

i 

lected  to  be  representative  of  the  material  received  from  the  several 
holes.  The  examination  was  limited  to  identifying  the  rock, 

16  I 
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determining  general  condition,  identifying  mineraiogical  constituents, 
and  noting  any  unusuai  characteristics  which  may  have  influenced  the 
test  results . 
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CHAPTER  3 


QUALITY  AND  UNIFORMITY  TEST  RESULTS 
3 . 1 TESTS  UTILIZED 

Based  on  experience  accumulated  through  testing  and  data  analysis 
of  core  from  study  areas  previously  evaluated,^  the  following  tests 
were  selected  for  use  in  determining  the  quality  and  uniformity  of  the 
Plattsburgh  core:  Schmidt  number,  specific  gravity,  uniaxial  compres- 

sive strength,  and  compressional  wave  velocity. 

The  core  received  from  the  Plattsburgh  study  area  generally  con- 
sisted of  three  types  of  rock:  (l)  Fine-  to  coarse-grained  quartz 

sandstone.  (2)  Poorly  banded  to  well  banded  and  poorly  foliated  to 
well  foliated  gneiss.  (3)  Dark-gray  to  dark-gray-and-red , medium- 
grained  amphibolite.  ^ 

Relatively  insignificant  quantities  of  other  materials — two 
specimens  of  mica  schist,  one  of  black  basalt,  and  one  of  disrupted 
quartz--were  also  received. 

Physical  test  results  were  generally  grouped  and  analyzed  accord- 
ing to  rock  type.  Frequently,  however,  the  data  also  suggested  and 
reflected  subdivision  according  to  grain  size,  nature  and  degree  of 


A list  of  associated  reports  is  given  on  the  inside  front  cover  of 
this  report . 
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fracturing,  and  nature  and  degree  of  foliation  and/or  banding. 


3.2  GRANITE  GNEISS 

All  of  the  core  received  from  Hole  F-CR-46,  as  well  as  most  of 
that  received  from  Holes  P-CR-8,  P-CR-22,  and  P-CR-81,  was  petrograph- 
ically  identified  as  granite  gneiss.  Physical  test  results  showed 
good  correlation  with  nature  and  degree  of  fracturing  and/or  banding 
present  in  the  individual  specimens  tested.  Detailed  results  are  given 
in  Appendixes  A,  B,  C,  and  F.  A summary  of  the  results  is  presented 
below. 


Hole  No.  Speci- 
men No. 

Schmidt 

No. 

Specific 

Gravity 

: Ultimate 

Uniaxial 
Compressive 
Strength 

Compressional 
Wave  Velocity 

psi 

fps 

Intact  or  with  Well 

Healed 

Fractures , 

Little  or  No  Banding: 

P-CR-81  3 

58.1 

2.734 

27,300 

17,685 

7 

51.3 

2.729 

26,360 

16,985 

11 

-- 

2.684 

30,610 

14,290 

14 

-- 

2.694 

20,760 

16,190 

15 

45.2 

2.959 

27,970 

16,840 

17 

-- 

2.768 

22,090 

19,440 

19 

42.7 

3.076 

21,420 

20,490 

21 

44.9 

2.864 

24,360 

19,700 

Average 

■ 48.4 

2.8l4 

25,110 

17,700 

( Continued) 
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Hole  No.  Sped-  Schmidt  Specific  Ultimate  Compress ional 

men  No.  No.  Gravity  Uniaxial  Wave  Velocity 

Compressive 

Strength 


psi  fps 

Intact,  Well  Banded: 


P-CR-22 

2 

45.2 

2.994 

15,000 

15,480 

5 

43.0 

2.713 

14,640 

11,390 

16 

48.6 

2.703 

19,330 

12,145 

20 

43.4 

2.737 

21,545 

13,125 

22 

44.2 

2.706 

21,330 

13,710 

Average 

44.9 

2.771 

18,370 

13,170 

Containing 

; Horizontal 

or  Vertical  Fractures: 

P-CR-8 

8 

42.6 

2.741 

14,790 

14,770 

11 

-- 

3.051 

14,330 

16,610 

12 

40.1 

2.776 

13,580 

15,095 

P-CR-22 

4 

46.4 

2.746 

13,880 

16,510 

P-CR-46 

8 

45.8 

2.793 

14,605 

15,620 

15 

49.8 

2.686 

8,605 

14,740 

19 

— 

2.704 

16,180 

15,575 

21 

-- 

2.691 

13,970 

14,935 

P-CR-81 

10 

-- 

2.634 

20,760 

13,900 

Average 

44.9 

2.758 

14,520 

15,310 

Highly  Fractured,  Containing  Sealed  Joints  or  Containing 
Critically  Oriented  Fractures : 


P-CR-8  17  39-5  3.018  3,450  16,075 

(Continued) 
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Hole  No. 

Speci- 
men No. 

Schmidt 

No. 

Specific 

Gravity 

Ultimate 

Uniaxial 

Compressive 

Strength 

Compressional 
Wave  Velocity 

psi 

fps 

Highly  Fractured, 

Containing  Sealed  Joints  or  Containing 

Critically  Oriented  Fractures 

(Continued) : 

P-CR-46 

7 

48.5 

2.667 

4,985 

15,110 

10 

48.4 

2.708 

4,790 

15,225 

17 

-- 

2.691 

8,545 

13,780 

18 

40.6 

2.678 

8,575 

14,550 

P-CR-81 

18 

44.9 

2.746 

9,520 

16,150 

20 

42.8 

2.919 

8,760 

20,300 

Average  44.1 

2.775 

6,950 

15,880 

The  gneiss  from  the  Plattsburgh  study  area  exhibited  somewhat 
variable  physical  test  results  which  depended  primarily  upon  banding 
and  nature  and  degree  of  fracturing. 

Uniaxial  compressive  strengths  exhibited  by  this  material  ranged 
from  3 ,000  to  30,000  psi,  with  the  intact  (according  to  Reference  1, 
macroscopically  homogeneous  and  free  from  fractures,  joints,  and  seams) 
slightly  banded  core  yielding  the  greatest  ultimate  strengths  and  the 
critically  to  highly  fractured  core  (rock  containing  open  or  sealed 
fractures,  well  developed  systems  of  fracture,  critically  oriented 
fractures,  i.e.,  fractures  inclined  with  respect  to  the  horizontal  at 
angles  so  as  to  develop  failing  shearing  stresses  when  the  specimen  is 


subjected  to  relatively  low  axial  stresses)  yielding  the  lowest  ulti- 
mate strengths. 

The  incipient  fractures  present  in  some  specimens  were  well 
healed  and  apparently  had  little  effect  on  uniaxial  compressive 
strength;  these  specimens  exhibited  some  of  the  highest  strengths  ob- 
served in  the  core  from  the  Plattsburgh  area.  Relatively  well  devel- 
oped horizontal  or  vertical  fractures,  however,  appeared  to  cause  sub- 
stantial strength  reductions . The  core  containing  fractures  of  this 
nature  exhibited  average  ultimate  strengths  ranging  from  50  to  75  per- 
cent as  great  as  those  exhibited  by  the  intact  material  or  that  con- 
taining incipient  fractures  (both  well  banded  and  poorly  banded) . The 
presence  of  well  developed  systems  of  fracture,  critically  oriented 
fractures,  and/or  sealed  joints  resulted  in  greatly  reduced  ultimate 
compressive  strengths . Material  of  this  nature  exhibited  an  average 
ultimate  uniaxial  compressive  strength  of  approximately  7,000  psi, 
less  than  30  percent  of  the  average  exhibited  by  poorly  banded,  intact 
material. 

The  degree  of  banding  present  in  the  gneiss  also  appeared  to 
have  a substantial  effect  on  the  ultimate  strengths  exhibited  by 
the  core.  This  banding  was  generally  inclined  at  moderate  angles 
with  respect  to  the  horizontal,  frequently  resulting  in  failure  along 
the  bands.  Ultimate  uniaxial  compressive  strengths  exhibited  by 
the  intact,  well  banded  gneiss  were  generally  less  than  75  percent  of 
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those  exhibited  by  the  intact,  poorly  banded  material. 


Compressional  wave  velocities  varied  considerably  throughout  the 
group,  showing  only  a slight  trend  toward  higher  values  in  specimens 
exhibiting  higher  ultimate  strengths.  One  of  the  factors  which  seemed 
to  contribute  strongly  to  the  large  variation  was  banding.  The  intact, 
well  banded  material  yielded  the  lowest  average  velocity  in  the  gran- 
ite gneiss  group,  while  the  intact,  poorly  banded  core  exhibited  the 
highest  average  velocity.  Another  factor  which  apparently  had  some 
effect  was  the  presence  of  garnet  in  some  cores.  These  small,  irregu- 
lar masses  could  possibly  have  deflected  the  compressional  wave  result- 
ing in  a longer  than  normal  path  and  travel  time.  Garnet  concentra- 
tions also  resulted  in  substantially  higher  densities  of  several 
specimens . 

The  gneisses  exhibited  noticeable  hysteresis  when  subjected  to 
static  elastic  tests.  Upon  cycling,  however,  several  gneiss  speci- 
mens exhibited  substantial  residual  strain.  This  residual  strain  was 
generally  detected  in  critically  to  highly  fractured  specimens,  indi- 
cating possibly  that  the  permanent  deformation  was  due  primarily  to 
slippage  along  preexisting  fracture  surfaces.  Static  elastic  con- 
stants exhibited  by  the  gneiss  were  generally  somewhat  larger  than 
those  exhibited  by  the  sandstone,  but  were  rather  variable.  There 
also  appeared  to  be  a general  trend  toward  higher  moduli  (both  dy- 
namic and  static)  with  higher  ultimate  uniaxial  compressive  strength, 
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r 

as  is  illustrated  by 

the  elastic  constants 

in  the 

following 

1 

tabulation. 

Hole  No.  Sped-  Young's 

Modulus 

Bulk 

Modulus 

Shear  Modulus 

Poisson 

s Ratio 

Static 

Dynamic 

Static 

Dynamic 

Static 

Dynamic 

Static 

Dynamic 

10^'  psi 

106  psi 

10^  psi 

10^  psi 

106  psi 

10^  psi 

Intact  or  with  Incipient  Fractures: 

P-CR-22  20  8.0 

5.5 

3-9 

5.** 

3-5 

2.2 

0.16 

0.23 

P-CR-81  3 8.5 

8.8 

5.7 

6.9 

3.4 

3.4 

0.25 

0.29 

15  12.2 

9.6 

8.U 

6.1 

4.8 

3.9 

0.26 

0.24 

21  9.1 

10.2 

5-7 

9.8 

3.7 

3.8 

0.24 

0.33 

Average  9*4 

8.5 

5.9 

7.0 

3-8 

3.3 

0.23 

0.27 

Containing  Horiiontal  or  Vertical  Fractures 

P-CR-8  8 6.7 

7.1 

3.3 

4.2 

2.9 

2.9 

0.16 

0.22  i 

11  7.8 

10.5 

4.5 

5.3 

3-2 

4.5 

0.21 

0.17 

Average  7.2 

8.8 

3.9 

4.8 

3.0 

3.7 

0.18 

0.20 

Highly  Fractured,  Containing  Sealed  Joints,  or  Containing 
Critically  Oriented  Fractures: 


P-CR-46 

7 

3-3 

6.8 

1.9 

4.6 

1.6 

2.7 

0.03 

0.25 

17 

6.2 

6.5 

3.1 

3-1 

2.7 

2.8 

0.16 

0.15 

Average 

4.8 

6.6 

2.5 

3.8 

2.2 

2.8 

0.10 

0.20 

3-3  QUARTZ  SANDSTONE 

The  core  received  from  Holes  P-CR-64  and  P-CR-72  was  petrograph- 
ically  identified  as  quartz  sandstone.  Detailed  results  are  given  in 
Appendixes  D and  L A summary  of  the  results  is  presented  on  the  fol- 


lowing page . 
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Hole  No.  Speci- 
men No. 

Schmidt 

No. 

Specific 

Gravity 

Ultimate 

Uniaxial 

Compressive 

Strength 

Compress ional 
Wave  Velocity 

'psi 

fps 

Fine  Grained: 

F-CR-64  2 

47.4 

2.645 

31,670 

9,765 

4 

-- 

2.633 

21,760 

11,810 

6 

-- 

2.697 

30,450 

14,010 

8 

45.9 

2.622 

30,910 

11,305 

10 

50.6 

2.631 

25,300 

12,255 

p-CR-72  1 

_ _ 

2.631 

24,700 

8,010 

2 

45.7 

2.596 

30,000 

9,190 

4 

49.9 

2.550 

34,700 

9,190 

6 

54.0 

2.510 

22,050 

12,060 

18 

— 

2.545 

15,210 

8,620 

Average 

48.9 

2.606 

26,680 

10,620 

Medium  Grained: 

P-CR-72  9 

49.5 

2.585 

25,610 

13,030 

10 

47.8 

2.525 

15,920 

9,180 

12 

48.8 

2.494 

13,830 

8,530 

14 

47.5 

2.587 

19,700 

10,230 

17 

— 

2.613 

17,000 

9,790 

20 

2.519 

13,030 

7,570 

Average 

48.4 

2.554 

17,520 

9,720 

Coarse  Grained: 

P-CR-64  14 

50.7 

2.592 

17,420 

10,985 

16 

-- 

2.600 

18,940 

10,615 

18 

— 

2.585 

17,080 

10,535 

21 

— 

2.573 

12,210 

8,655 

27 

44.3 

2.532 

15,520 

9,655 

Average  47.5 


2.576 


16,230 


10,090 


Uniaxial  compressive  strengths  exhibited  by  the  sandstones  from 
this  area  appeared  to  be  dependent  upon  grain  size,  particularly  in 
the  fine-  to  medium- grained  range.  The  fine-grained  material  exhib- 
ited average  uniaxial  compressive  strengths  nearly  twice  as  large  as 
those  exhibited  by  the  medium-  and  coarse-grained  material.  The 
medium-  and  coarse-grained  specimens  exhibited  very  similar  physical 
test  results. 

A search  of  available  literature  revealed  little  information 
concerning  the  dependence  of  uniaxial  compressive  strength  for  sand- 
stones on  grain  size,  but  did  indicate  that  such  strengths  were  fre- 
quently dependent  upon  porosity,  permeability,  nature  and  degree  of 
cementation,  surface  texture  of  the  sand  grains,  and  the  nature  of 
bedding  present,  if  any.  Thus,  it  is  possible  that  the  apparent  de- 
pendence of  strength  on  grain  size  might  actually  have  been  a depend- 
ence on  variation  in  one  or  more  of  the  above-mentioned  factors. 

Compressional  wave  velocities  were  generally  low,  somewhat  higher 
for  the  fine-grained  material.  Rather  large  variations  were  observed 
within  groups.  These  variations  are  probably  due  again  to  differences 
in  matrix  material,  porosity,  nature  and  orientation  of  bedding  planes, 
and/or  variation  in  grain  size. 

Like  the  gneiss  discussed  in  Section  3-2,  the  sandstones  exhib- 
ited considerable  hysteresis  when  subjected  to  static  tests.  But, 
upon  cycling,  axial  strain  appeared  to  be  almost  completely 
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recoverable.  Initial  curvature  of  the  stress-strain  curves  was  pos- 
sibly due  to  initial  void  closure  in  this  moderately  porous  material. 
Static  elastic  constants  based  on  a tangent  modulus  of  elasticity 
computed  at  50  percent  of  the  ultimate  uniaxial  compressive  strength 
were  rather  low,  as  indicated  in  the  tabulation  below,  but  were  very 
uniform  and  well  within  the  range  noted  in  Reference  3» 


Hole  No. 

Speci- 
men No. 

Modulus 

Poisson’s 

Ratio 

Young's 

Bulk 

Shear 

— 7 £ 7 

10°  psi  10°  psi  10  psi 


P-CR-64 

4 

6.7 

2.8 

3-0 

0.10 

27 

5.0 

1.9 

2.2 

0.12 

P-CR-72 

2 

5.9 

2.3 

2.8 

0.07 

4 

6.8 

3.0 

3.0 

0.12 

14 

5.1 

2.2 

2.8 

0.12 

Average 

5.9 

2.4 

2.8 

0.11 

Although  dynamic  tests  were  conducted,  dynamic  elastic  constants 
could  not  be  reliably  computed  from  the  unrealistically  large  shear 
velocity  to  compress ional  velocity  ratios  exhibited  by  this  material. 
These  unrealistic  ratios  were  quite  possibly  a consequence  of  attempt- 
ing to  apply  a test  whose  basic  premise  is  that  the  material  under 
observation  is  very  nearly  isotropic  to  a material  that  is  highly 
anisotropic . 
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3.4  AMPHIBOLITE 

Portions  of  the  core  received  from  Holes  P-CR-8  and  P-CR-22  were 
petrographically  identified  as  amphibolite.  Several  of  the  amphibo- 
lite specimens  were  fractured;  some  were  severely  sheared. 

Physical  test  results  were  indicative  of  two  distinct  groups  of 
material:  (l)  intact  core  and  core  containing  vertical  fractures,  and 

(2)  highly  fractured  core.  Detailed  results  are  given  in  Appendixes  A 
and  B.  A summary  of  the  results  is  presented  below. 


Hole  No. 

Speci- 
men No. 

Schmidt 

No. 

Specific 

Gravity 

Ultimate 

Uniaxial 

Compressive 

Strength 

Compressional 
Wave  Velocity 

Intact  or 

with  Vertical  Fractures: 

psi 

fps 

P-CR-8 

19 

3.108 

10,010 

18,690 

24 

44.8 

3.206 

17,420 

17,935 

P-CR-22 

6 

2.906 

8,240 

15,045 

11 

-- 

3-069 

8,515 

15,045 

12 

43.7 

2-953 

10,270 

13,060 

18 

4l  .1 

2.913 

9,020 

10,655 

Average 

Highly  Fractured: 

43.2 

3.026 

10,580 

15,070 

P-CR-8 

4 

_ _ 

2.893 

4,030 

15 ,060 

6 

-- 

2.787 

4,545 

-- 

23 

39-*+ 

3.081 

1,360 

Average  39.4 


2.920 


3,310 


15,060 


The  amphibolites  were  quite  dense,  exhibiting  an  average  specific 
gravity  of  approximately  3-0.  These  high  densities  were  probably  due 
to  large  quantities  of  hornblende  (specific  gravity,  2.9  to  3-2)  pres- 
ent in  the  specimens. 

Uniaxial  compressive  strengths  exhibited  by  this  core  were  gen- 
erally rather  low,  particularly  those  yielded  by  the  highly  fractured 
specimens.  Both  the  intact  and  vertically  fractured  amphibolites  ex- 
hibited ultimate  strengths  averaging  approximately  10,000  psi,  indi- 
cating that  the  presence  of  vertical  fractures  had  little  effect,  if 
any,  on  ultimate  uniaxial  compressive  strength.  The  presence  of  well 
developed  systems  of  fracture,  however,  appeared  to  greatly  reduce  the 
ultimate  strength;  highly  fractured  specimens  generally  exhibited 
strengths  approximately  one-third  as  large  as  those  yielded  by  the 
vertically  fractured  and  intact  core. 

Compressional  wave  velocities  showed  considerable  variation,  rang- 
ing from  10,000  to  19,000  f ps . This  wide  range  of  values  was  possibly 
due  to  the  combined  effects  of  the  bands,  fractures,  and  large  biotite 
inclusions  present  in  much  of  the  amphibolite . 

Both  of  the  specimens  for  which  static  and  dynamic  moduli  were 
determined  exhibited  some  hysteresis  and,  upon  cycling,  residual 
strain.  Although  the  quantity  of  data  available  is  insufficient  to 
make  specific  comparisons,  the  static  and  dynamic  constants  determined 
for  the  amphibolite  (tabulated  on  the  following  page)  appear  to  be  in 
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Hole  No. 

Speci- 

Young's 

Modulus 

Bulk 

Modulus 

Shear 

Modulus 

Poisson 

's  Ratio 

men  No . 

Static 

Dynamic 

Stat io 

Dynamic 

Static 

Dynami  c 

Static 

Dynamic 

1</J  psi 

106  psi 

106  psi 

It/3  psi 

106  psi 

106  ps i 

P-CR-b 

24 

8.2 

10.5 

3.7 

8.5 

3.6 

4.1 

0.13 

0.29 

F-CR-22 

n 

5.7 

7.6 

2.3 

5.4 

2.7 

3.0 

0.08 

0.26 

the  same  general  range  as  the  values  for  the  gneiss. 

3-5  MISCELLANEOUS  CORES 

Four  specimens  tested  varied  appreciably  in  composition  and/or 
physical  condition  from  the  three  principal  rock  types  previously 
discussed.  All  of  these  specimens  exhibited  physical  test  results 
characteristic  of  rather  marginal  materials.  A summary  of  the  re- 
sults is  presented  below. 


Hole  No. 

Speci- 
men No. 

Rock  Type 

Schmidt 

No. 

Specific 

Gravity 

Ultimate 

Uniaxial 

Compres- 

sive 

Strength 

Compres- 

sional 

Wave 

Velocity 

psi 

fps 

P-CR-22 

8 

Mica  schist 

42.3 

2.983 

15,840 

18,895 

9 

Mica  schist 

52.7 

2.901 

9,030 

14,150 

P-CR-46 

2 

Moderately 

weathered 

gneiss 

34.7 

2.647 

12,545 

15,560 

11 

Disrupted 
quart  z 
vein 

45.6 

2.709 

8,575 

14,780 

CHAPTER  4 

SPECIAL  TEST  RESULTS 

4.1  ANISOTROPY  TESTS 

Eleven  rock  specimens  were  selected  and  prepared  for  determina- 
tion of  compressional  (dilatational)  and  shear  velocities  according 
to  the  ASTM  proposed  "Standard  Method  of  Test  for  Laboratory  Deter- 
mination of  Ultrasonic  Pulse  Velocities  and  Elastic  Constants  of 
Rock."  The  NX-diameter  specimens  were  cut  to  lengths  of  2 inches 
and  ground  on  the  ends  to  a tolerance  of  0.001  inch.  Four  l/2- inch- 
wide strips  were  also  ground  down  the  sides  of  the  cylindrical  sur- 
face at  90-degree  angles.  The  velocities,  densities,  and  dimensions 
were  measured  as  specified  in  the  proposed  test  method. 

Results  of  the  velocity  determinations  are  given  in  Table  4.1. 
Compressional  and  shear  velocities  were  consistently  higher  for  the 
gneiss  and  amphibolite,  possibly  due  to  the  large  porosities  charac- 
teristic of  many  sandstones. 

Deviations  from  the  average  compressional  wave  velocities  were 
much  lower  for  the  gneiss  and  amphibolite,  indicating  considerably 
greater  degrees  of  anisotropy  in  the  sandstones.  This  anisotropy  was 
probably  due  to  a combination  of  factors , such  as  variation  in  nature 
and  degree  of  cementing  present,  variation  in  grain  size,  and  the 
presence  of  bedding. 
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The  anisotropy  is  in  the  vertical  direction  (generally  normal 
to  the  bedding).  Wave  velocities  exhibited  by  the  gneiss  and  amphib- 
olite were  quite  uniform,  apparently  affected  only  slightly,  if  at 


all,  by  the  varying  degrees  of  foliation  and  banding  present. 

A compilation  of  the  elastic  properties  computed  from  the  com- 
pressive and  shear  velocities  and  the  specific  gravity  is  given 
in  Table  4.2.  However,  discretion  must  be  used  in  utilizing  the  mod- 
uli results  as  experimental  errors  are  introduced  when  the  differ- 
ences in  velocities  are  significant.  The  proposed  ASTM  test  method 
states  that  the  equations  for  computation  of  elastic  moduli  should 
not  be  used  if  "any  of  the  three  compressional  wave  velocities 
varies  by  more  than  2 percent  from  their  average  value.  The  error 
in  E and  G due  to  both  anisotropy  and  experimental  error  then 
does  not  exceed  6 percent."  Naturally,  the  effect  of  the  error  is 
compounded  by  greater  differences  in  the  three-directional  velocity 
measurements . 

The  2 percent  allowable  deviation  proposed  by  ASTM  appears  to 
be  unrealistic  since  laboratory-determined  values  of  compressional 
and  shear  wave  velocities  are  reproducible  within  a deviation  from 
the  average  of  only  2 to  3 percent . Thus , it  would  appear  that  the 
point  of  division  between  isotropy  and  anisotropy  would  more  realis- 
tically be  in  the  range  of  5 to  8 percent  deviation  from  the  average. 
It  should  be  kept  in  mind,  however,  that  this  greater  deviation 
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would  also  allow  a larger  error  in  the  computed  values  of  E and 


To  evaluate  the  effect  of  anisotropy  on  a rock  mass,  one  should 
determine  the  sta^e  of  stress  expected  or  applied.  The  effect  of 
elastic  anisotropy  or.  *he  stress  distribution  is  greatest  for  a uni- 
axial state  of  stress,  a s^ate  which  exists  in  very  little  massive 
rock.  Reference  4 indicates  that  if  the  stress  field  is  hydrostatic 
and  the  ratio  of  moduli  due  to  anise1  ropy  is  approximately  2,  the 
maximum  difference  in  stress  for  the  isotropic  and  anisotropic  cases 
would  be  only  10  to  It  percent.  Reference  4 further  states 

It  can  be  inferred  that  for  most  rock,  the  ef- 
fects of  elastic  anise1 ropy  are  no  larger  than 
the  normal  variations  in  rock  strength  and, 
hence,  they  can  be  neglected.  The  most  likely 
exceptions  to  this  generalization  would  be 
strongly  foliated  metamorphic  rocks,  such  as  mi- 
caceous schists ,.. .where  the  moduli  of  elastic- 
ity often  differ  by  a factor  greater  than  two. 

4.2  COMPARATIVE  TENSILE  TESTS 

Eleven  NX-diameter  rock  specimens  were  selected  to  represent 
the  variation  of  rock  type  present  in  the  core.  The  specimens  were 
prepared  and  tested  for  tensile  strength  according  to  the  ASTM  pro- 
posed "Standard  Method  of  Test  for  Direct  Tensile  Strength  of  Rock 
Core  Specimens."  For  comparative  purposes,  tensile  splitting  tests 
were  conducted  on  specimens  cut  adjacent  to  the  direct  tensile  test 
specimens.  Test  results  are  given  in  Table  4.3. 

The  banded  and/or  foliated  nature  of  the  gneiss  could  possibly 
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explain  the  large  differences  in  strength  obtained  from  the  two  test 
methods.  This  banding  and  foliation  was  frequently  perpendicular  to 
the  direction  of  stressing  in  the  direct  test.  Therefore,  the  direct 
tensile  strengths  should  be  the  minimum  strengths  obtained.  The 
splitting  test,  however,  stresses  the  specimen  in  a manner  such  that 
the  intrinsic  strength  of  the  bands  is  developed.  Therefore,  one 
would  normally  utilize  the  direct  tensile  strength  as  the  more  con- 
servative value. 

The  fine-  and  coarse-grained  sandstones  exhibited  relatively  uni- 
form direct  and  indirect  test  results,  possibly  indicative  of  rela- 
tively uniform,  directionally  independent  tensile  characteristics. 

The  medium-grained  sandstone,  however,  yielded  test  results  which 
were  quite  different  for  the  two  different  methods,  possibly  due  to 
effects  produced  by  bedding  and  crossbedding  or  to  variation  in  na- 
ture and  degree  of  cementation  as  noted  in  the  petrographic 
examination. 

4.3  POROSITY  TESTS 

Porosity,  herein  defined  as  the  volume  of  the  voids  expressed 
as  a percentage  of  total  volume,  was  determined  for  three  sandstone 
specimens.  These  three  specimens  represented  the  variation  in  grain 
size  found  in  the  sandstone  core,  and  exhibited  porosities  which  were 
low  to  moderate  by  comparison  with  the  range  of  values  indicated  in 
literature.  Test  results  are  given  in  Table  4.3. 
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U.U  PETROGRAPHIC  EXAMINATION 

U.U.l  Samples.  Six  boxes  of  NX  core  from  holes  in  Clinton, 
Franklin,  Essex,  and  Warren  Counties,  New  York,  were  received  for 
testing  in  October  19^9-  Each  box  contained  about  15  feet  of  core 
which  represented  several  depths  to  200  feet. 

The  cores  were  inspected  to  select  representative  pieces  from 
all  significant  rock  types  for  petrographic  examination.  The  cores 
are  described  below: 

1.  Hole  P-CR-8.  The  core  ranged  from  fine-  to  coarse-grained 
metamorphics.  Gray-green,  coarse-grained  garnet  gneiss;  dark-gray- 
and-red,  medium- grained  amphibolite;  and  dark-gray,  medium-grained 
amphibolite  were  present. 

Sections  1,  2,  8,  10  through  15,  17,  and  18  were  gray-green, 
coarse-grained  gneiss.  Most  of  these  sections  contained  several 
fractures.  Sections  3 through  7,  9,  and  16  were  dark-gray  amphibo- 
lite. Most  of  the  sections  contained  sealed  fractures.  Sections 
19  through  2U  were  iron-stained,  severely  sheared  amphibolite. 

Several  sections  of  amphibolite  contained  large  biotite  inclu- 
sions. Most  cf  the  open  fractures  were  slickensided. 

2.  Hole  P-CR-22.  The  core  ranged  from  poorly  banded  to  well 
banded  gneiss. 

Sections  1 through  5,  7,  10,  13,  and  15  through  22  were  well 
banded,  dark-gray  to  black  and  white,  medium- grained, 
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hornblende-biotite  gneiss.  Sections  6,  11,  12,  14,  and  18,  contain- 
ing more  hornblende,  were  amphibolite.  The  bands  ranged  from  medium- 
to  coarse-grained.  Sections  6 and  10  through  13  contained  large  lens- 
like masses  of  feldspar  and  quartz  that  disrupted  the  banding.  Sec- 
tions 8 and  9 were  black,  medium- grained  mica  schist.  Section  9 ap- 
peared to  be  altered,  and  Section  8 appeared  to  be  fresh. 

Most  of  the  sections  were  not  fractured,  and  only  Section  9 ap- 
peared to  be  altered. 

3.  Hole  P-CR-46.  The  core  ranged  from  intact,  weakly  banded  to  • 
severely  fractured  gneiss  in  which  banding  could  not  be  detected  on 
the  scale  of  an  NX  core.  The  gneiss  ranged  from  dark  gray  to  light 
gray,  and  there  were  several  calcite  and  fluorite  veins  present. 

Sections  1 through  5>  8,  11,  13  through  16,  and  18  were  severely 
sheared  and  showed  considerable  offsets  along  shear  planes.  Sections 
1 through  4 were  slightly  weathered.  Sections  6,  7,  20,  and  21  had 
incipient  fractures.  Sections  9>  10,  12,  17,  and  19  were  poorly 
banded  but  were  not  severely  sheared. 

4.  Hole  P-CR-64.  The  core  was  red  quartz  sandstone  that 
ranged  from  coarse-  to  fine-grained.  The  upper  90  feet  of  the  hole 
was  fine-  to  medium-grained,  and  the  remainder  of  the  hole  was  pre- 
dominately medium-  to  coarse-grained.  Six  sections  contained  verti- 
cal fractures;  the  remaining  sections  were  intact. 

5.  Hole  P-CR-72.  The  core  was  white,  fine-grained  quartz 
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Hole 

No. 

Concrete  Division 
Serial  No. 

Section 

No. 

Approximate 

Depth 

Rock  Description 

feet 

20 

165 

Dark-gray  and  red, 
medium- grained 
amphibolite 

P-CR-22 

SAMSO-11,  DC-5 

13 

116 

Black  and  white 
gneiss  with  large 
masses  of  feld- 
spar and  quartz 

14 

127 

Well  banded,  dark- 
gray,  medium- 
grained amphibolite 

P-CR-46 

SAMSO-11,  DC-6 

12 

124 

Gray,  poorly 
banded  gneiss 

13 

131 

Faulted,  light- 
gray  gneiss 

P-CR-64 

SAMSO-11,  DC-2 

11 

71 

Red,  fine-grained 
sandstone 

24 

167 

Red,  coarse-grained 
sandstone 

P-CR-72 

SAMSO-11,  DC-1 

2 

42 

White,  fine-grained 
sandstone 

11 

133 

Gray,  medium- 
grained sandstone 

P-CR-81 

SAMSO-11,  DC-3 

12 

103 

Pink,  medium- 

grained  gneiss 


22 


177 


Dark-gray,  medium- 
grained gneiss 


4.4.2  Test  Procedure.  Each  piece  of  core  was  sawed  axially. 


One  sawed  surface  of  each  piece  was  polished  and  photographed.  Com- 
posite samples  were  obtained  from  the  whole  length  or  from  selected 
portions  from  the  remaining  half  of  each  piece.  The  composite  sam- 
ples were  ground  to  pass  a No.  325  sieve  (44  urn).  X-ray  diffraction 
(XRD)  patterns  were  made  of  each  sample  as  a tightly  packed  powder. 
All  XRD  patterns  were  made  using  ar  XRD- 5 diffractometer  with  nickel- 
filtered  copper  radiation.  The  samples  X-rayed  are  listed  below: 


Hole  No. 

Section  No. 

Description  of  X-Ray  Sample 

P-CR-8 

7 

Entire  length  of 

core 

10 

Entire  length  of 

core 

20 

Entire  length  of 

core 

P-CR-22 

13 

Entire  length  of 

core 

14 

Entire  length  of 

core 

P-CR-46 

12 

Entire  length  of 

core 

13 

Entire  length  of 

core  except 

calcite-fluorite 

vein  was 

sampled 

p-CR-64 

11 

Entire  length  of 

core 

24 

Entire  length  of 

core 

P-CR-72 

2 

Entire  length  of 

core 

11 

Entire  length  of 

core 

P-CR-81 

12 

Entire  length  of 

core 

22 

Entire  length  of 

core 

Small  portions  of  the  powdered  samples  were  tested  with  dilute 
hydrochloric  acid  and  with  a magnet  to  determine  whether  carbonate 
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minerals  or  magnetite  were  present. 

The  polished  surface  of  each  section  was  examined  with  a stereo- 
microscope.  Thin  sections  were  prepared  from  each  section  of  core 
and  examined  with  a polarizing  microscope.  A point-count  modal  anal- 
ysis was  made  on  each  thin  section  in  which  500  points  were  counted. 

4.1.3  Results.  The  cores  can  be  divided  into  three  groups: 
sandstones,  granitic  gneisses,  and  amp%bolites.  The  sandstones  were 
taken  from  the  Upper  Cambrian  Potsdam  formation  in  extreme  northern 
Mew  York.  The  remainder  of  the  rocks  were  taken  from  the  metamorphic 
sequence  that  makes  up  the  bulk  of  the  Precambrian  Adirondack  Moun- 
tains of  upstate  New  York  (Reference  5)-  The  rocks  in  the  cores  are 
discussed  below.  The  modal  composition  of  each  type  is  shown  in 
Tables  4.4,  4.5,  and  4.6  and  the  bulk  composition  by  XRD  in 
Tables  4.7,  4.8,  and  4.9* 

Sandstones.  Cores  P-CR-64  and  P-CR-72  (Figures  4.1  and  4.2) 
consisted  of  sandstone  which  ranged  from  a white,  fine-grained  sub- 
arkose  to  a gray,  me dirun- grained  quartzarenite  (classification  ac- 
cording to  Reference  6).  The.-, major  constituents  were  quartz  and 
microcline,  and  the  cements  were  silica,  chlorite,  and  hematite.  The 
bedding  planes  were  approximately  horizontal.  Graded  bedding  was  com- 
mon in  some  sections. 

Half  of  Section  11  of  Core  P-CR-64  (Section  11a,  Figure  4.1)  was 
cross-bedded  sandstone  with  hematite  cement.  Microcline  formed  11 
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percent  of  the  detrital  grains  causing  the  rock  to  be  classified  as 
a subarkose.  There  was  considerable  variation  in  grain  size,  though 
most  of  the  grains  were  within  the  limits  of  medium  grain  size. 

Most  of  the  grains  were  subangular. 

The  remaining  half  of  the  section  (lib)  was  also  a subarkose 
containing  11  percent  microcline.  This  half  had  normal  bedding;  the 
grains  were  equidimensional,  and  the  cement  was  chamosite.  The  cham- 
osite  gave  this  half  of  the  section  a green  coloi'  while  the  hematite 
gave  the  other  half  (lla)  a red  color. 

Section  24  of  Core  P-CR-64  (Figure  4.l)  was  a red,  conglomer- 
atic subarkose  containing  quartz,  microcline,  and  magnetite  cemented 
by  hematite.  This  section  had  the  widest  range  in  grain  size  from 
coarse  to  fine;  the  highest  microcline  content,  13  percent;  and  the 
greatest  percentage  of  cement,  which  was  15  percent.  Most  of  the 
coarse  grains  were  fractured  quartz  pebbles.  This  rock  was  not 
tightly  cemented  and  was  more  porous  than  the  other  sandstones.  The 
section  had  graded  bedding. 

Section  2 of  Core  P-CR-72  (Figure  4.2)  was  white,  fine-grained 
sandstone  with  microcline  forming  8 percent  of  the  detrital  grains 
which  caused  it  to  be  classified  as  subarkose.  Bedding  traces  were 
slightly  inclined  and  accented  by  minor  amounts  of  heavy  minerals. 

The  detrital  grains  were  equigranular , rounded,  and  tightly  cemented. 
Section  11  of  Core  P-CR-72  (Figure  4.2)  was  a light-gray, 
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medium- grained,  silica-cemented  quartz  arenite.  The  section  con- 
tained graded  bedding  with  the  coarsest  fraction  being  medium- 
grained. Bedding  was  accented  by  thin  clay  layers  that  were  par- 
tially disrupted  during  compaction. 

Gneisses . Cores  P-CR-46  and  P-CR-81,  and  parts  of  Cores  P-CR-8 
and  P-CR-22  were  gneisses  which  had  similar  compositions  but  showed  a 
wide  range  in  metamorpnic  fabric,  grain  size,  and  color  (Figures  1.3, 
1.4,  and  4.5).  The  diverse  fabric  and  texture  of  these  sections  suggest 
that  the  uniform  mineral  composition  may  have  resulted  from  homogeni- 
zation during  metamorphism  rather  than  from  originally  similar  com- 
position. The  uniform  degree  of  metamorphism  indicated  by  the  min- 
eralogy, the  proximity  of  the  samples,  and  the  lack  of  similar  relic 
structures  or  textures  further  supports  this  hypothesis. 

Section  7 of  Core  P-CR-u  was  gray-green  and  gray-red,  coarse- 
grained, garnet  gneiss  (Figure  4.3).  The  section  was  severely  frac- 
tured and  pyrite  had  been  introduced  along  fracture  planes , sealing 
some  of  them;  but  some  open  fractures  were  present.  Biotite  was 
partly  altered  to  chlorite;  some  of  the  mica  was  bent  or  bent  and 
broken.  This  was  the  most  altered  rock  and  the  most  fractured  rock 
found  in  the  cores.  It  differed  from  the  other  gneisses  in  that  it 
contained  almost  no  raicrocline  and  garret  was  a major  constituent. 

Section  13  of  Core  P-CR-22  had  a matrix  of  black  and  white, 
medium-grained  biotite  gneiss  with  several  large,  spindlelike  masses 
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or  augen  of  quartz,  tnicrocline,  and  plagioclase,  elongated  parallel 
to  the  foliation  of  the  matrix  (Figure  4.3).  The  foliation  bent 
around  the  augen.  The  augen  and  the  matrix  differed  considerably  in 
composition,  but  the  composition  of  the  whole  section  was  similar  to 
the  compositions  of  the  gneisses  in  Cores  P-CR-46  and  P-CR-Sl. 

Section  12  of  Core  P-CR-46  was  a black  and  white,  coarse-grained 
biotite  granite  gneiss.  This  gneiss  did  not  have  an  obvious  planar 
structure  (Figure  4.4),  but  there  was  a weak  horizontal  trend  of  the 
biotite  flakes.  Small  crystals  of  garnet  were  scattered  randomly 
throughout  the  section.  The  structure  is  not  interpretable  on  the 
scale  of  this  core. 

Section  13  of  Core  P-CR-46  was  a white  and  gray-green,  medium- 
to  coarse-grained  gneiss.  A poorly  expressed  foliation  that  dipped 
about  45  degrees  from  the  vertical  was  detectable  on  the  drilled  sur- 
face of  the  core.  This  section  contained  a calcite-fluorite  vein 
that  had  been  folded  and  faulted.  The  vein  cuts  the  foliation,  which 
indicates  the  foliation  was  developed  before  the  faulting  occurred. 

Section  12  of  Core  P-CR-81  was  a gray-pink,  medium- grained 
gneiss  containing  about  5 percent  more  plagioclase  and  5 percent  less 
microcline  than  Section  13  of  Core  P-CR-46  or  Section  22  of  Core 
P-CR-81.  This  section  did  not  contain  any  biotite  but  did  contain  a 
small  amount  of  hornblende.  The  foliation  dipped  at  about  30  de- 
grees; no  shear  planes  or  fractures  were  seen  (Figure  4.5). 


43 


I 


Section  22  of  Core  P-CP-81  was  gray,  medium-grained,  perthitic 
gneiss  with  no  apparent  foliation  (Figure  4.5).  The  major  constitu- 
ent of  the  section  was  perthitic  feldspar  containing  about  one  quar- 
ter microcline  and  three  quarters  plagioclase.  Grains  containing 
only  one  feldspar  were  very  rare.  Anhedral  grains  of  pyroxene  and 
magnetite  were  common  throughout  the  section. 

Amphibolites . Parts  of  Cores  P-CR-8  and  F-CR-22  were  classed  as 
amphibolites.  These  rocks  were  dark,  medium-grained  arnphibole,  bio- 
tite,  and  plagioclase  gneisses  that  ranged  from  severely  sheared  and 
fractured  to  intact.  Sulfides  had  been  introduced  along  gneisoic 
banding  and  in  fractures . 

Section  10  of  Core  P-CR-8  was  a dark-green  and  black,  medium- 
grained hornblende  gneiss'.  The  foliation  dipped  at  a low  angle  (Fig- 
ure 4.6),  and  minor  vertical  fractures  were  present.  The  hornblende 
and  plagioclase  grains  were  intact  and  only  slightly  altered.  Mag- 
netite grains  were  scattered  randomly  throughout  the  section,  and 
pyrite  was  found  only  in  discrete  layers  in  the  section. 

Section  20  of  Core  P-CR-8  was  dark-green  and  red,  medium- 
grained amphibolite  with  minor  alteration  to  hematite  along  frac- 
tures . The  section  was  similar  to  Section  10  of  this  core  but 
lacked  well  developed  foliation  (Figure  4.6).  This  section  contained 
more  magnetite  than  Section  10  and  also  contained  0 small  amount  of 
chlorite  that  appeared  to  have  formed  by  alteration  of  biotite. 
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Section  14  of  Core  P-CR-22  was  black  and  white,  medium-grained, 
biotite-rich  amphibolite  with  a well  developed  foliation  produced 
by  parallel  alinement  of  biotite  and  hornblende  (Figure  4.7).  This 
section  contained  more  biotite  than  any  of  the  other  sections  of  am- 
phibolite, and  the  plagioclase  was  severely  altered  to  sericite.  This 
section  also  contained  a small  amount  of  carbonate  introduced  along 
minor  fractures. 

4.4.4  Summary.  Petrographic  examination  of  13  sections  of 
core  from  six  holes  in  the  Adirondack  Mountains  area  of  northern  New 
York  State  indicated  that  there  were  three  rock  types  represented: 
sandstones,  granite  gneisses,  and  amphibolites.  The  sandstones  and 
the  granite  gneisses  were  the  most  abundant  rock  types  in  the  cores. 
Differences  in  the  compressive  strengths  of  the  sandstones  appear  to 
have  arisen  from  differences  in  grain  size  and  porosity  among  the 
rocks  tested.  Differences  in  compressive  strengths  and  elastic  prop- 
erties among  the  remaining  rock  types  appear  to  have  arisen  from  the 
number  and  inclination  of  fractures,  whether  the  fractures  were  open 
or  sealed,  and  the  degree  of  alteration  of  the  rocks.  The  mineral 
compositions  are  summarized  in  Tables  4.4  through  4.9)  and  the  sec- 
tions examined  are  illustrated  in  Figures  4.1  through  4.7. 
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TABLE  4.1  VELOCITY  DETSHMINATKBS 


First  velocity  Listed  is  in  axial  longitudinal)  di  -ectior.;  other  two  are  on  caitually  perpendicular , diametral  .ateral)  axe*. 
Maxi nw»  percent  deviation  fror  the  average  of  ♦ he  compression*!  wave  velocity. 


TABLE  4.2  DY1AMIC  ELASTIC  PROPERTIES 


could  not  be  accurately  determined. 


TABLE  4.3  TENSILE  STRENGTH  AND  POROSITY  DETERMINATIONS 


TABLE  4.4  MODAL  COMPOSITION  OF  SALT 3 TONES  BASED 
ON  500  POINT  COUNTS  PER  THIN  SECTION 


Constituent 

P-CR-64 
Sec- 
tion 11a 

P-CR-64 
Sec- 
tion lit 

P-CR-64 
Sec- 
tion 24 

P-CR-72 
Sec- 
tion 2 

P-CR-72 
Sec- 
tion 11 

Quartz 

95 

76 

64 

86 

94 

Microcline 

11 

11 

13 

8 

-- 

Chlorite 

-- 

10a 

1 

-- 

-- 

Magnetite 

— 

3 

7 

-- 

-- 

Hematite 

4a 

-- 

I5a 

-- 

— 

Silica  cement 

. _ 

... 

6 

6 

a 


As  cement 


TABLE  4.5  MODAL  COMPOSITION  OF  GNEISSES  BASED 
ON  500  POINT  COUNTS  PER  THIN  SECTION 


Constituent 

p-cr-8 

Sec- 
tion 7 

P-CR-22 
Sec- 
tion 13 

P-CR-46 
Sec- 
tion 12 

P-CR-46 
Sec- 
tion 13 

P-CR-81 
Sec- 
tion 12 

P-CR-81 
Sec- 
tion 22 

Quartz 

20 

25 

21 

29 

28 

14 

Microcline 

1 

23 

27 

29 

23 

W 

Plagioclase 

25 

25 

28 

29 

33 

) 

Hornblende 

-- 

5 

-- 

-- 

6 

4 

Pyroxene 

— 

— 

-- 

— 

— 

7 

Biotite 

12 

18 

19 

Trace 

-- 

-- 

Chlorite 

12 

-- 

— 

12 

-- 

-- 

Magnetite 

1 

Trace 

Trace 

Trace 

8 

8 

Pyrite 

3 

-- 

-- 

-- 

-- 

-- 

Hematite 

-- 

— 

-- 

-- 

Trace 

-- 

Garnet 

24 

-- 

4 

Trace 

1 

— 

Zircon 

-- 

Trace 

Trace 

Trace 

— 

-- 

Apatite 

-- 

Trace 

Trace 

Trace 

— 

Trace 

Carbonate 

2 

-- 

Trace 

Trace 

Trace 

Trace 

Fluorite 

Trace 

Perthite,  about  l/4  microcline  and  3/4  plagioclase. 
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TABLE  4.6  MODAL  COMPOSITION  OF  AMPHIBOLITES  BASED 
ON  500  POINT  COUNTS  PEP.  THIN  SECTION 


Constituent 

P-CR-8 
Sec- 
tion 10 

P-CR-8 
Sec- 
tion 20 

P-CR-22 
Sec- 
tion 14 

Quartz 

1 

-- 

6 

Plagioclase 

49 

35 

22 

Hornblende 

36 

48 

30 

Pyroxene 

9 

-- 

-- 

Biotite 

-- 

-- 

29 

Chlorite 

-- 

3 

— 

Magnetite 

2 

6 

5 

Pyrite 

3 

-- 

1 

Hematite 

— 

8 

— 

Apatite 

— 

— 

Trace 

Zircon 


Trace 


TABLE  4.7  BULK  COMPOSITIONS  OF  SANDSTONES  BASED 
ON  X-RAY  DIFFRACTION  RESULTS 


Compared  to 

P-CR-72, 

Section  2. 

Constituent 

P-CR-64 
Sec- 
tion 11a 

P-CR-64 
Sec- 
tion lib 

P-CR-64 
Sec- 
tion 24 

P-CR-72 
Sec- 
tion 2 

P-CR-72 
Sec- 
tion 11 

Quartz 

Same 

Slightly  less 

Much  less 

Abundant 

Slightly  more 

Microcline 

Same 

Same 

Same 

Minor 

-- 

Chlorite 

— 

Minor 

Trace 

-- 

-- 

Hematite 

Trace 

-- 

Minor 

-- 

— 

Magnetite 

-- 

Trace 

Trace 

-- 

— 

Biotite 



-- 

— 

— 

Trace 

TABLE  4.9  B’JIE  COMPOSITION  OP  AMPHIBOLITES  BASED 
ON  X-RAY  DIFFRACTION  RESULTS 


Compared  to  P-CR-8,  Section  20. 


Constituent 

P-CR-8 
Sec- 
tion 10 

P-CR-8 
Sec- 
tion 20 

P-CR-22 
Sec- 
tion l4 

Quartz 

Trace 

-- 

Minor 

Plagioclase 

Slightly  more 

Abundant 

Slightly  less 

Biotite 

— 

— 

Abundant 

Chlorite 

— 

— 

— 

Hornblende 

Slightly  less 

Abundant 

Slightly  less 

Pyroxene 

Minor 

-- 

-- 

Magnetite 

Slightly  less 
(trace) 

Minor 

Same 

Pyrite 

Trace 

— 

-- 

Hematite 


Minor 


Figure  4.1  Sandstone  sections,  Core  P-CR-64. 
Section  24  shows  conglomeratic  textures. 

Large  gray  pebbles  are  quartz.  Section  11 
shows  medium-grained  particles  cemented  by 
hematite  (a)  and  chlorite  (b). 
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Figure  4.2  Sandstone  sections,  Core  P-CR-72 
Section  2 shows  fine-grained  equigranular 
texture  and  slightly  inclined  bedding. 
Section  11  shows  medium-  to  fine-grained 
texture  and  horizontal  bedding.  Narrow 
black  lines  are  clayey  layers. 


Figure  4.3  Gneiss  sections,  Cores  P-CR-8  and  P-CR-22. 
Section  13  shows  large  white  augen  of  quartz,  plagio- 
clase,  and  microcline  elongated  parallel  to  the  folia- 
tion. The  foliation  bends  around  the  augen.  Section  7 
shows  several  fractures  (narrow  white  and  black  lines'' 
and  pyrite  introduced  along  the  fractures  (white  specks 
near  top  and  bottom). 
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Figure  4.4  Gneiss  sections,  Core  P-CR-46.  Section  12 
shows  lack  of  planar  structures.  Black  grains  are  bio 
tite  and  large  white  masses  are  quartz.  Section  13 
shows  folded  and  faulted  calcite-fluorite  vein  (white 
area  lower  right)  and  reduced  grain  size  around  the 
vein  due  to  shearing. 
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Figure  U.5  Gneiss  sections,  Core  P-CR-81.  Section  2: 
shows  medium- grained  texture  and  lack  of  foliation. 
Small  white  specks  are  magnetite.  Section  12  shows 
grain  size  similar  to  22  but  has  well  developed 
foliation. 
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Figure  4.6  Amphibolite  sections,  Core  P-CB-8.  Sec- 
tion 20  shows  medium- grained  amphibolite  with  several 
fractures  (narrow  white  lines).  Small  white  specks 
arc  magnetite.  Section  10  shows  grain  size  similar 
to  20  but  has  a nearly  horizontal  foliation  which  is 
accented  by  pyrite  grains  (white  specks). 


Figure  b.J  Amphibolite  sectioi 
tion  14  shows  well  developed  f< 
alinement  of  hornblende  and  bii 


CHAPTER  5 


DISCUSSION  AND  CONCLUSIONS 


5.1  DISCUSSION 

Due  to  the  rather  wide  range  of  physical  properties  exhibited  by 
the  various  materials  received  from  the  Plattsburgh  study  area,  it  was 
felt  that  a hole-to-hole  evaluation  of  the  area  would  be  appropriate. 
The  rock  quality  chart  (Figure  5»l)  illustrates  the  relative  qualities 
(based  on  ultimate  uniaxial  compressive  strengths)  of  the  individual 
test  specimens  as  well  as  the  entire  holes. 

The  sandstone  received  frcm  Holes  P-CR-64  and  P-CR-72  was  consist- 
ently competent  over  the  entire  range  of  depths.  Holes  P-CR-22  and 
P-CR-81  yielded  rock  of  marginal  to  good  quality,  with  the  majority  of 
marginal  quality  material  being  petrographically  identified  as  amphib- 
olite. Holes  P-CR-8  and  P-CR-46  contained  reasonably  large  segments 
of  poor  and  marginal  material  at  various  depths . 

The  locations  of  drill  holes  are  shown  in  Figure  5.2. 

5.2  CONCLUSIONS 

Based  on  physical  properties  exhibited  by  the  rock  core  specimens 
tested  from  the  Plattsburgh  study  area,  the  following  conclusions  ap- 
pear justified: 

1.  The  core  received  from  the  Plattsburgh  area  was  predominately 
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quartz  sandstone  and  granite  gneiss  with  small  amounts  of  amphibolite 


1 


and  mica  schist. 

2.  Based  on  physical  properties  exhibited,  several  distinct 

groups  of  material  were  represented:  (l)  fine-,  medium-,  and  coarse- 

grained quartz  sandstones,  (2)  poorly  banded  intact  or  incipiently 
fractured  gneiss,  (3)  well  banded  intact  or  incipiently  fractured 
gneiss,  (4)  gneiss  containing  prominent  horizontal  and/or  vertical 
fractures,  (5)  gneiss  containing  well  developed  systems  of  fracture, 
critically  oriented  fractures,  or  sealed  joints,  (6)  amphibolite 
either  intact  or  with  vertical  fractures,  (7)  highly  fractured  am- 
phibolite, and  (8)  miscellaneous  cores,  i.e.,  two  specimens  of  mica 
schist,  one  of  black  basalt,  and  one  representing  a disrupted  quartz 
vein. 

3.  The  sandstone  from  this  area  is  a moderately  porous,  compe- 
tent material,  with  the  fine-grained  rock  being  somewhat  stronger  than 
the  medium-  and  coarse-grained  rock. 

4.  The  intact  gneiss,  and  that  containing  incipient  fractures, 
is  competent  rock.  Banding  apparently  weakens  the  rock,  but  not  dras- 
tically. The  gneiss  containing  horizontal  and/or  vertical  fractures 
is  relatively  competent,  with  an  average  ultimate  compressive  strength 
of  approximately  14,000  psi.  The  gneiss  containing  well  developed 
systems  of  fracture  (highly  fractured),  sealed  joints,  or  critically 
oriented  fractures  is  generally  incompetent. 
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5.  The  amphibolite  is,  at  best,  of  marginal  quality,  and  is  fre- 
quently incompetent . 

6.  Three-directional  cornpressional  wave  velocity  tests  conducted 
on  representative  specimens  indicate  that  the  gneiss  is  slightly  ani- 
sotropic, while  the  sandstone  is  quite  anisotropic  (11.4  to  14.7  per- 
cent deviation  from  the  average).  The  anisotropy  is  in  the  vertical 
direction  (normal  to  bedding). 

7.  Elastic  constants  exhibited  by  the  sandstones  were  rather  low 
(common  for  sandstones)  but  were  very  uniform.  Elastic  constants 
yielded  by  the  gneiss  were  generally  higher  than  those  exhibited  by 
the  sandstones,  but  were  somewhat  less  consistent. 

8.  Evaluation  of  the  Plattsburgh  area  on  a hole-to-hole  basis 
indicates  that  the  sandstone  received  from  Holes  P-CR-64  and  P-CR-72 
was  generally  competent  rock  and  appears  to  offer  possibilities  as  a 
competent  hard  rock  medium,  if  anisotropy  is  not  a disqualifying  qual- 
ity. The  granite  gneiss  received  from  Holes  P-CR-22  and  P-CR-81  would 
also,  in  spite  of  the  presence  of  some  material  of  marginal  quality, 
appear  to  be  relatively  competent.  The  core  received  from  Holes 
P-CR-8  and  P-CR-46  contained  significant  amounts  of  incompetent  mate- 
rial. More  extensive  investigations  will  be  required  in  order  to 
accurately  assess  the  areas  under  consideration. 
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Ai  I’KIH'  rx  A 


DATA  REPORT 
HoU  P-CB-8 
31  October  1969 

Role  Location:  Bates  County,  Row  York 


Core 

1.  The  following  core  wee  received  on  14  October  1969  for  teatlag: 
Core  Piece  Ho.  Approstnate  Depth,  ft 


1 

27 

2 

38 

3 

47 

k 

53 

5 

66 

6 

73 

7 

77 

8 

79 

9 

86 

10 

93 

11 

104 

12 

110 

13 

119 

Ik 

124 

IS 

131 

16 

135 

17 

142 

18 

149 

19 

157 

20 

165 

21 

175 

22 

182 

23 

194 

24 

198 

Deacrlptloa 

2.  The  aaaplea  received  were  quite  variable  in  appearance.  Accord  - 
lag  to  the  field  log  received  with  the  core,  the  rock  waa  identified  ea 
anphibollte,  greenlah-black  garnetlferoua  hornblende  gneiaa,  white  and 
red  garnetlferoua  quarts  gneiaa,  and  aaiphibolite  nlgnatlte.  All  apecl- 
nana  contained  fracturea,  a one  of  which  were  Inclined  at  critical  anglea. 
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Quality  and  uniformity  teats 

3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compresslonal  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 


given  below: 


Sample 

Ho. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

Ho.* ** 

Comp  Comp  Wave 

Strg,  pal  Vel , fps*' 

b 

Highly  Fractured 

53 

2.893 

— 

b.030 

15,060 

6 

Highly  Fractured, 
Contained  Large 
Biotlte  Inclusion 

73 

2.787 

•* 

b,  5b5 

“ “ 

8 

Vertical  Fractures 

79 

2 . 7b  1 

b2.6 

lb, 790 

lb,  770 

11 

Contained  Vertical 
Fractures  and  Large 
Biotlte  Inclusion 

10b 

3.051 

— 

lb, 330 

16,610 

12 

Tightly  Closed 
Vertical  Fractures 

110 

2.776 

bO.l 

13,580 

15,095 

17 

Critical  Angle 
Fractures 

lb2 

3.018 

39.5 

3,b50 

16,075 

19 

Tightly  Cloeed 
Vertical  Fractures 

157 

3.108 

— 

10,010 

18,690 

23 

Highly  Fractured 

19b 

3.081 

39. b 

1,360 

— 

2b 

Tightly  Closed 
Vertical  Fractures 

198 

3.206 

bb.8 

1 7 ,b20 

17,935 

Average  of  Highly  and  Critically 
Fractured  Specimens  (b) 

2. 9b 5 

39. b 

3,3b5 

15,570 

Average  of  Specimens  Containing 

2.976 

b2. 5 

lb, 025 

16,620 

Vertical  Fractures  (S) 


* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

**  Compresalve  wave  velocities  could  not  be  determined  for  two  specimens 
due  to  possibility  of  breakage. 


J 
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Moduli  of  deformation 

4.  Representative  specimens  were  selected  for  dynrale  rad  static 
■oduli  of  deformation  taata.  Th«  dynamic  moduli  were  datarmlned  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 
resistance  strain  gages  affixed  to  the  specimens,  Hcs.  8,  11,  and  2*. 
Stress-strain  curves  are  i®  plates  1,  2,  rad  3.  All  specimens 

were  cycled  at  2500  psl.  Results  are  given  below. 

Specimen  Modulus,  pat  x 106  Shear  Poisson’s 


8 7.1  4.2  2.9  8,880  0.22 
11  10.5  5.3  4.5  10,490  0.17 
24  10.5  8.5  4.1  9,700  0.29 


Static  Tests 

8 6.7  3.3  2.9  — 0.16 

11  7.8  4.5  3.2  — 0.21 

24  8.2  3.7  3.6  — 0.13 

All  of  the  rock  tested  herein  is  apparently  rather  rigid  material.  The 

initial  erratic  behavior  of  the  vertical  strain  gages  on  specimen  Ho.  11 

was  possibly  due  to  the  location  of  the  strain  gages  over  high>angle 

fractures,  along  which  slippage  occurred  during  the  initial  stages  of 

loading.  Specimen  No.  24  exhibited  slight  residual  strain  upon  cycling. 
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Conclusion* 


j 

IS.  The  core  received  (roe  hole  P-CK-8  wak  quite  verlable,  being 
described  by  tkc  field  log  recalved  with  the  core  as  amphibolite, 
greenish-black  garnet  If  erous  hornblende  gneiss,  white  and  red  gametlferous 
quarts  gneiss,  and  amphibolite  nlgnatlte.  All  specimens  contained  frac- 
turea,  sows  of  which  were  Inclined  at  critical  angles  and  apparently 
caused  substantial  reductions  In  strength.  The  highly  fractured  speci- 
mens and  those  containing  critical-angle  fractures  were  highly  Incompetent, 
exhibiting  an  average  compressive  strength  of  3345  psl.  That  rock  con- 


taining hlgh-angle  or  vertical  fractures,  however,  was  somewhat  stronger, 


ranging  In  compressive  strength  from 

10,000  to  17,000 

psl.  Compressive 

wave  velocities  were  generally  rathsr 

low,  reflecting 

the  many  discontinuities 

present  In  this  material. 

Highly  and 

Material 

Critically 

Containing 

Fractured 

Vertical 

Property 

Material 

Fractures 

Specific  Gravity 

2.945 

2.976 

Schmidt  Number 

39.4 

42.5 

Compressive  Strength,  psl 

3.345 

14,025 

Compresslonal  Wave  Velocity,  fps 

15,570 

16,620 

Static  Young’s  Modulus,  psl  x 10* 

— 

7.6 

70 


STRESS,  psi 


STRESS-STRAIN  CURVE 
Uncon  fined  Compression 
Specimen  P-CR-8-8 
Comp  Strg:  1A.790  pel 
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DATA  REPORT 
Hoi*  P-CR-22 
6 Hovanber  1969 

Hoi*  Location:  Warren  County,  New  York 


Cor* 


1.  The  following  core  waa  received  on  19  October  1969  for  testing: 
Cor*  Piece  Wo.  Approxlnate  Depth,  ft 


1 

10 

2 

20 

3 

33 

9 

39 

5 

50 

6 

55 

7 

64 

8 

70 

9 

81 

10 

90 

11 

101 

12 

109 

13 

116 

14 

127 

15 

131 

16 

136 

17 

147 

18 

156 

19 

168 

20 

177 

21 

186 

22 

197 

Description 

2.  The  saaples  received  were  sonevhat  variable  In  appearance. 
According  to  the  field  log  received  with  the  core,  the  rock  was  Identified 
as  light-gray  to  black  gneiss.  Specimen  Hos.  9,  13,  15,  and  19  contained 
fractures.  Specleen  No.  15  was  highly  fractured  and,  as  a result,  could 
not  be  prepared  for  testing. 
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Quality  and  uniformity  tuti 


3.  To  determine  variation*  within  the  hole,  apecific  gravity, 

Schmidt  number,  compreaalve  atrength,  and  compreaaional  wave  velocity 
were  determined  cm  epeclaena  prepared  from  representative  aaeplea  as 
given  below: 

Sample  Core  Schmidt  Comp  Comp  Wave 


Mo. 

Description 

Depth 

Sp  Or 

No.* 

Strg,  pel 

Vel , fps 

2 

Dark,  Wall-Banded  Gneiss 

20 

2.994 

45.2 

15,000 

15,480 

4 

Light  Gray;  Contained  High- 
Angle  Fracture 

39 

2.746 

46.4 

13,880 

16,510 

5 

Light,  Finely  Banded  GUelss 

50 

2.713 

43.0 

14,640 

11,390 

6 

Dark,  Poorly  Banded  Ghelss 

55 

2.906 

— 

8,240 

15,045 

8 

Inclusive  Material 

70 

2.983 

42.3 

15,840 

18,895 

9 

Mottled  Inclusive  Material 

81 

2.901 

52.7 

9,030 

14,150 

11 

Black,  Poorly  Banded  Gneiss 

101 

3.069 

— 

8,515 

15,045 

12 

Dark,  Poorly  Banded  Gneiss 

109 

2.953 

43.7 

10,270 

13,060 

16 

Light,  Well-Banded  Gneiss 

136 

2.703 

48.6 

19,330 

12,145 

18 

Dark;  Contained  Coarse 
Biotite  Bands 

156 

2.913 

41.1 

9,020 

10,655 

20 

Gray,  Well-Banded  Onelsa 

177 

2.737 

43.4 

21.545 

13,125 

22 

Light,  Coarsely  Banded 
Onelss 

197 

2.706 

44.2 

21,330 

13,710 

Average  of  Dark  Gneiss  (High  Biotite 
Content)  (3) 

2.967 

43.3 

10,210 

13,860 

Average 

i of 'Inclusive  Materials  (2) 

2.942 

47.5 

12,435 

16,520 

Average 

of  Light -Colored  Gneiss  (5) 

2.721 

45.1 

18, 145 

13,375 

* Schmidt  hammer  teat  not  conducted  on  several  specimens  due  to  possibility 
of  breakage. 
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4.  The  relatively  low  coapreaalve  velocities  observed  In  this 
material  generally  (all  wall  within  the  range  noted  by  Professor  S.  P. 
Clark,  Jr.,*  l.e.,  11,000  to  17,000  fps.  The  velocities  tabulated  by 
Clark  were  determined  at  low  pressures  (145  psl)  with  wave  propagation 
normal  to  foliation.  Velocities  in  this  material  were  determined  et 
zero  preasure  with  wave  propagation  normal  or  nearly  normal  to  foliation. 
Moduli  of  dafomatlon 

5.  Representative  speclmena  were  selected  for  dynamic  and  static 
moduli  of  deformation  teats.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities  and 
elastic  constants  of  rock.  The  static  moduli  were  computed  from  theory  of 
elasticity  by  use  of  strain  measurements  taken  from  electrical  resistance 
strain  gages  affixed  to  the  specimens,  Nos.  9,  11,  and  20.  Stress-strain 
curves  are  given  in  plates  1,  2,  and  3.  Specimen  11  was  cycled  at  5000  pal 


and  specimen 

20  at  10 , 

,000  psl. 

Results  are 

given  below. 

Specimen 

Modulus,  psi  X 

106 

Shear 

Poisson' 

No. 

Young's 

Bulk 

Shear 

Velocity,  fps 

Rstlo 

Dynamic  Tests 

9 

6.1 

4.0 

2.4 

8205 

0.25 

11 

7.6 

5.4 

3.0 

8515 

0.26 

20 

5.5 

3.4 

2.2 

7795 

0.23 

(Continued) 


* Professor  S.  P.  Clark,  Jr.,  Handbook  of  Physical  Constants,  The 
Geological  Society  of  America,  Inc.,  Mew  York,  N.  Y.,  1966. 
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(Continued) 


Specimen 

Modulus , psi  x 106 

Shear 

Poisson's 

No. 

Young's  Bulk  Shear 

Velocity,  fps 

Ratio 

Static  Teat* 


9 

S.O 

2.1 

2.2 

•- 

0.14 

11 

S.  7 

2.3 

2.7 

— 

0.08 

20 

8.0 

3.9 

3.5 

— 

0. 18 

All  of  the  rock  tested  herein  Is  apparently  rather  rigid  material, 
exhibiting  some  hysteresis.  Dpon  cycling,  slight  residual  strain  was 


detected  in  specimen  No.  11. 

Conclusions 

6.  The  core  received  from  hole  F-CR-22  was  somewhat  variable  in 
appearance,  identified  by  the  field  log  received  with  the  core  as  light- 
gray  to  black  gneiss.  Specimen  Nos.  9,  13,  IS,  and  19  contained  fractures. 
The  darker  material  was  found  to  be  considerably  more  dense  and  somewhat 
weaker  than  the  remainder  of  the  core  from  this  hole,  probably  due  to  the 
abundance  of  blotite.  The  inclusive  material  was  slightly  stronger  and 
less  dense.  The  light-colored  gneiss  contained  less  blotite  and  was 
generally  found  to  be  considerably  stronger,  averaging  approximately 
18,000  pal  in  unconfined  compressive  strength.  The  weakest  material  tested 
was  a dark,  poorly  banded  gneiss  which  failed  at  8240  pal.  Compressive 
wave  velocities  ranged  from  10,000  to  19,000  fps,  agreeing  rather  well  with 
data  published  on  gneisses  from  this  same  general  area. 


Inclusive 

Dark 

Light 

Property 

Material 

Gheiss 

Gneiss 

Specific  Gravity 

2.942 

2.967 

2.721 

Scnmidt  Number 

47.5 

43.3 

45.1 

Compressive  Strength,  psi 

12,435 

10,210 

18,145 

Comprcisional  Wave  Velocity,  fps 

16,520 

13,860 

13,375 

Static  Young's  Modulus,  psi  x 10° 

5.0 

5.7 

8.0 
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STRESS-STRAIN  CURVE 
Unconfirmed  Coopr«aslon 
Spec  loan:  P-CR-22-20 
Coop  Strg  : 21,545  psi 


30000 
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20000 
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10000 
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DATA  REPORT 


Core 

1. 


Hole  P-CR-46 
7 November  1969 

Hole  Location:  Warren  County,  New  York 

The  following  core  was  received  on  21  October  1969  for  testing: 
Core  Piece  No.  Approximate  Depth,  ft 


1 

41 

2 

49 

3 

54 

4 

60 

5 

66 

6 

71 

7 

81 

8 

88 

9 

96 

10 

105 

11 

114 

12 

124 

13 

131 

14 

137 

15 

143 

16 

153 

17 

162 

18 

171 

19 

190 

20 

187 

21 

195 

Description 

2.  The  samples  received  were  rather  uniform  in  appearance.  Accord- 
ing to  the  field  log  received  with  the  core,  the  rock  was  identified  as 
white  to  gray  charnockitic  gneiss  generally  with  low-angle  to  horizontal 
llneation.  Specimen  Nos.  1,  2,  3,  and  4 were  somewhat  weathered.  Specimen 
Nos.  5,  7,  8,  10,  15,  18,  19,  and  21  contained  fractures,  some  of  which  were 
oriented  at  critical  angles. 


Quality  and  uniformity  teats 


3.  To  determine  variations  within  the  hole,  specific  gravity, 
Schmidt  number,  compressive  strength,  and  compress i anal  wave  velocity 
were  determined  on  specimens  prepared  from  representative  samples  as 
given  below: 


Sample 

No. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Coop 

Strg,  psi 

Comp  Wave 
Vel , fps 

2 

Moderately  Weathered 

49 

2.647 

34.7 

12,545 

15,560 

7 

Healed,  Critical-Angle 
Fractures 

81 

2.667 

48.5 

4,985 

15,110 

8 

Vertical  Fractures 

88 

2.793 

45.8 

14,605 

15,620 

10 

Healed,  Critics  1 -Angle 
Fractures 

105 

2.708 

48.4 

4,790 

15,225 

11 

Disrupted  Quartz  Vein 

1>4 

2.709 

45.6 

8,575 

14,780 

15 

Healed,  Vertical  Fractures  143 

2.686 

49.8 

8,605 

14,740 

17 

Healed,  Critical-Angle 
Fractures 

162 

2.691 

— 

8,545 

13,780 

18 

Healed,  Critical -Angle 
Fractures 

171 

2.678 

40.6 

8,575 

14,550 

19 

Healed,  Vertical  Fractures  180 

2.704 

— 

16,180 

15.575 

21 

Healed,  Horizontal 
Fracture 

195 

2.691 

— 

13,970 

14,935 

Average  of  Specimens  Containing  Healed, 
Critical -Angle  Fractures  (4) 

2.686 

45.8 

6,725 

14,665 

Average  of  All  Other  Specimens 

(6) 

2.705 

43.8 

12,415 

15,200 

* Schmidt  hammer  test  not  conducted  on  several  specimens  due  to  possibility 
of  breakage. 


Pit 


4.  Specimen  Nos.  7,  10,  17,  end  18  contained  critically  oriented 
fractures,  all  of  which  were  healed  to  various  extents.  Failure  occurred 
along  these  fractures  at  relatively  low  stresses. 

Moduli  of  deformation 

5.  Representative  specimens  were  selected  for  dynamic  and  static 
moduli  of  deformation  tests.  The  dynamic  moduli  were  determined  by  the 
proposed  ASTM  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  The  static  moduli  were  computed  from 
theory  of  elasticity  by  use  of  strain  measurements  taken  from  electrical 


resistance  strain  gages  affixed  to  the  specimens.  Nos. 

7,  11, 

and  17 . 

Stress-strain  curves  are  given  in  plates 

1 , 2 , and  3 . 

Specimens  11  and 

17  were  cycled  to  7500  psi.  Results  are 

given  below. 

Specimen  Modulus,  psi  x 10® 

No.  Young's  Bulk  Shear 

Shear 

Velocity, 

f pa 

Poisson's 

Ratio 

Dynamic  Teats 


7 

6.8 

4.6 

2.7 

8690 

0.25 

11 

6.9 

4.3 

2.8 

8740 

0.23 

17 

6.5 

3.1 

2.8 

8835 

0.15 

Static 

Tests 

7 

3.3 

1.9 

1.6 

0.03 

11 

8.0 

3.3 

3.6 

— 

0.10 

17 

6.2 

3. 1 

2.7 

— 

0.16 

The  specimens  which  were  cycled,  Nos.  11  and  17,  exhibited  substantial 
hysteresis  and,  upon  unloading,  considerable  residual  strain.  The  very 
low  static  moduli  computed  for  specimen  No.  7 were  apparently  the  result 
of  failure  a*,  low  stress  occurring  along  a poorly  healed,  critically 


inclined  fracture. 


Cone lua ton* 


6.  The  core  received  from  hole  P-CR-46  was  generally  uniform, 
Identified  by  the  field  log  received  with  the  core  as  white  to  gray 
charnockitic  gneiss.  Uneatlon  was  primarily  horizontal.  Specimens  1, 
2,  3,  and  4 were  somewhat  weathered;  specimens  5,  7,  8,  10,  15,  18,  19, 
and  21  contained  fractures,  most  of  which  were  healed,  some  critically 
oriented.  The  material  containing  critically  oriented  fractures  was 
generally  weaker  than  the  remainder  of  the  core,  with  failure  occurring 
along  the  fractures  at  very  low  compressive  stresses.  The  remainder  of 
the  core  from  this  hole  exhibited  rather  marginal  strength  values 


ranging  from  8000  to  16,000  psi . 


Property 

Mate  rial 
Containing 
Critical-Angle 
Fractures 

All 

Other 

Material 

Specific  Gravity 

2.686 

2.70  5 

Schmid  t Number 

45.8 

43.8 

Compressive, Strength,  psi 

6,725 

12,415 

Corepressional  Wave  Velocity,  fps 

14,66  5 

15,220 

Static  Young’s  Modulus,  psi  x 10” 

4.8 

8.0 

36 
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A WEND  IX  D 


DATA  RBPORT 
Hoi*  P-£R-64 
28  October  1969 

Hoi*  Location:  Clinton  County,  N«w  York 

Cor* 

1.  Th*  following  cor*  was  received  on  6 October  1969  for  testing: 
Cor*  Piece  Ho.  Approximate  Depth,  ft 


1 

5 

2 

16 

3 

24 

4 

31 

5 

35 

6 

44 

7 

55 

a 

64 

9* 

62 

10* 

69 

11* 

71 

12* 

77 

13* 

86 

14* 

94 

15* 

104 

16* 

116 

17* 

12S 

18* 

126 

19* 

137 

20* 

142 

21* 

145 

22* 

150 

23* 

157 

24* 

167 

25* 

175 

26* 

177 

27* 

187 

28* 

190 

29* 

200 

* Specimen*  taken  from  side-tracked  hole. 

Peacrlptton 

2.  Th*  eamples  received  were  somewhat  variable  In  appearance.  Accord- 
ing to  the  field  log  received  with  th*  core,  th*  rock  was  Identified  a* 
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medium-  to  coarae-gralned,  gray  to  yellow-brown  quartslte.  Zone*  of 
llnonlte  staining  were  pro  an  t throughout  tha  corn.  Specimen  Moa.  4. 

8,  10,  11,  and  18  coatalnad  Incipient  fractures.  Specimens  from  the 
lower  reaches  of  tha  hole  were  Increasingly  conglonerltlc . 

Quality  and  uniformity  taste 

3.  To  datarnlne  variations  within  the  hole,  specific  gravity, 
Scheldt  nuaber,  conpreaalve  strength,  and  conpreseloaal  wave  velocity 
were  detarnlnad  on  specimens  prepared  from  representative  samples  as 
given  below: 

Sample  Core  Log  Core  Schmidt  Comp  Comp  Wave 


Ho. 

Description 

Depth 

Sp  Or 

Ho.* 

Strg,  pal  Vel , fps 

2 

Iutact  Quart site 

16 

2.645 

47.4 

31,670 

9,765 

4 

Contained  incipient 
Fracture 

31 

2.633 

— 

21,760 

11,810 

6 

Intact  Quartslte 

44 

2.697 

— 

30,450 

14,010 

8 

Contained  Incipient 
Fracture 

64 

2.622 

45.9 

30,910 

11,305 

10 

Contained  Incipient 
Fracture 

69 

2.631 

50.6 

25,300 

12,255 

14 

Transitional  Material 

94 

2.592 

50.7 

17,420 

10,985 

l« 

Conglonerltlc  Quartslte 

116 

2.600 

— 

18,940 

10,615 

18 

Conglonerltlc  Quartslte 

126 

2.585 

— 

17,080 

10.53S 

21 

Conglonerltlc  Quartslte 

145 

2.573 

— 

12,210 

8,655 

27 

Conglonerltlc  Quartslte 

187 

2.532 

44.3 

15,520 

9,655 

Average  of  Honconglemerltlc 
Material  (S) 

2.646 

48.0 

28,020 

11,830 

Average  of  Conglonerltlc  and 
Transitional  Material  (5) 

2.576 

47.5 

16,230 

10,090 

* Schmidt  hammer  test  not  conducted  on  eeveral  specimens  due  to 
possibility  of  breakage. 


9? 


4.  Compressive  wav*  velocities  exhibited  by  the  eaterlal  froe 


hole  P-CR-S4  were  comparatively  low,  particularly  for  the  quartclte. 
Preliminary  examination  by  atereoalcroacope  (to  be  followed  at  a later 
data  by  thorough  petrographic  analyala)  Indicated  that  the  aaterlal  waa 


aandatone  rathar  than  quartslte  aa  reported  In  the  core  log.  Conpreaalve 
velocltlea  of  7000  to  14,000  fpa*  are  not  uncommon  for  aandatone. 

Model  1 of  deformation 


S.  Representative  apeclnena  were  aelected  for  dynamic  and  atatlc 
moduli  of  deformation  taata.  The  dynamic  moduli  were  determined  by  the 
propoaed  ASTM  method  for  determination  of  ultraaonlc  pulse  velocltlea 
and  elaatlc  constants  of  rock.  Dynamic  properties  of  specimen  Ho.  27 
could  not  be  reliably  determined  due  to  the  unuaually  large  shear  velocity 
to  compressive  velocity  ratio  exhibited  by  the  specimen.  The  atatlc  moduli 
were  computed  from  theory  of  elasticity  by  use  of  strain  measurements  taken 


from  electrical  resistance  strain  gages  affixed  to  the  specimens,  Nos  4 


and  27. 

Stress-strain  curves  are  given 

In  plates  1 and  2. 

Both  specimens 

were  cycled  at  10,000  pal.  Results  are 

given  below. 

Specimen 

Modulus,  pal  x 10* 

Shear 

Poisson's 

No. 

Young's  Bulk  Shear 

Velocity,  fps 

Ratio 

Dynamic  Tests 

4 

27 

4.9  1.9  2.3 

8005 

0.07 

(Continued) 

* Professor  S.  P.  Clark,  Jr.,  Handbook  of  Physical  Constanta,  The  Geological 
Society  of  America,  Inc.,  New  York,  H.  Y.,  1966. 
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^3 


(Continued) 


Specimen 

Modulus,  pal  x 10s 

Shear 

Poisson's 

No. 

Young's  Bulk  Shear 

Velocity,  fpe 

Ratio 

Static  teats 


4 

6.7 

2.8 

3.0 

-- 

0.10 

7 

5.0 

1.9 

2.2 

— 

0.12 

All  of  the  reck  tested  herein  Is  apparently  rather  rigid  material, 
exhibiting  substantial  hysteresis.  However,  little  residual  strain  was 
detected. 

Conclusions 

6.  The  core  received  Iron  hole  P-CR-64  was  somewhat  variable, 
being  described  by  the  field  log  received  with  the  core  as  medium-  to 
coarse-grained,  gray  to  yellow-brown  quartslte.  Several  specimens 
contained  incipient  fractures  which  appeared  to  have  little  effect  on 
eoupressive  strength.  Speclnens  from  the  lower  reaches  of  the  hole  were 
Increasingly  c ongl outer  1 tic  and  predictably  weaker,  exhibiting  an  average 
conpressive  strength  of  slightly  nore  than  50  percent  of  that  yielded  by 
the  noncongloneritlc  rock.  In  spite  of  the  greater  weakness  observed  in 
the  eongloneritlc  material,  the  minimum  compressive  strength  observed  was 


12,000  psl. 


Property 


Congloaeritlc 

Material 


None ong 1 oee r 1 t ic 
Material 


Specific  Gravity  2.576  2.646 

Scheldt  Number  47.5  48.0 

Conpressive  Strength,  psl  16,230  28,020 

Coapresslonal  Wave  Velocity,  fps  10,090  11,830 

Static  Young's  Modulus,  psl  x 106  0.12  0.10 
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a 


STRESS,  pai 


y . Vertical  ; i!;.: 


STRAIN,  microln/i 


STRESS-STRAIN  CURVE 
Unconfined  Coapreaaion 
Specinen  No.  P-CR-64-4 
Comp  Strg:  21,760  pal 


10000 


5000 


20000 


4000 


PLATE  D2 


STRESS-STRAIN  CURVE 
Oncontlned  Compression  TjTT  T 
Specimen  Mo.  P-CR-64-27  iul  i 
Comp  Strg:  15,520  psl  j{[| 


ItUtLL 

30000  Hi-fi: : 


25000  Tttrtr 

Wm 


15000  i-Urii  " 

M Hi  .i 


10000  i~rxrp~ 


5000 


3 TEA  III,  mioroiry'in 


Cor* 


Am.riMX  : 

DATA  REPORT 
Hoi*  P-CR-72 
29  October  1969 

Hole  Location:  Clinton  County,  Mew  York 

The  following  core  wee  received  on  1 October  1969  for  testing: 
Core  Piece  Mo.  Appcosleate  Depth,  ft 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


34 

42 

53 

63 

74 

82 

93 

103 

113 

123 

133 
141 
150 
159 
166 
169 
174 

134 
195 
200 


Description 

2.  The  aaaples  received  were  soaewhat  ver table  in  appearance. 
According  to  the  field  log  received  with  the  core,  the  rock  was 
identified  *s  light-  to  dark-gray,  fine-  to  aed tun-grained  sandstone. 
Spec! nan  Noe.  4,  6,  and  20  contained  tightly  closed  fractures. 


97 


Quality  and  uniformity  teat* 

3.  To  datermlne  variation*  within  tho  hole,  specific  gravity, 
Scheldt  nuaber,  conpre selva  strength,  and  compression* l wave  velocity 
wore  detornlned  on  specimens  prepared  from  representative  saaples  as 
given  below: 


Sample 

No. 

Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No.* 

Comp 

Strg,  pel 

Coop  Wav 
Vel , fpa 

1 

Pine  Grained 

34 

2.631 

— 

24,700 

8,010 

2 

Pine  Grained 

42 

2. 596 

45.7 

30,000 

9,190 

4 

Pine  Grained 

63 

2.550 

49.9 

34,700 

9,190 

6 

Pine  Grained 

82 

2.510 

54.0 

22,050 

12,060 

9 

Medium  Grained 

113 

2.585 

49.5 

25,610 

13,030 

10 

Medium  Grained 

123 

2.525 

47.8 

15,920 

9,180 

12 

Medium  Grained 

141 

2.494 

48.8 

13,830 

8,530 

14 

Medium  Grained 

159 

2.587 

47.5 

19,700 

10,230 

17 

Medium  Grained 

174 

2.613 

— 

17,000 

9,790 

18 

Pine  Grained 

184 

2.545 

— 

15,210 

8,620 

20 

Medium  Grained 

200 

2.519 



13,030 

7,570 

Average  of  Pine-Grained 
Speclaiens  (5) 

2.566 

49.9 

25,330 

9,410 

Average 

of  Medium-Grained 

2.554 

48.4 

17,520 

9,720 

Speclaens  (6) 

* Scheldt  hseoicr  test  not  conducted  on  several  specimens  due  to 
possibility  of  breakage. 

4.  Compressive  wave  velocities  exhibited  by  the  materiel  from 
hole  P-CR-72  were  very  low,  averaging  approximately  10,000  fps.  These 


AD-A035  372  ARMY  ENGINEER  WATERWAYS  EXPERIMENT  STATION  VICKSBURG  MISS  F/G  8/7 
TESTS  OF  ROCK  CORES#  PLATTSBURGH  STUDY  AREA.  NEW  YORK.<U> 

JUN  70  R W CRISP 

UNCLASSIFIED  WES-MP-C-70-7  NL 


lew  velocities  were,  however,  quite  representative  of  thla  type  of 
material,  generally  having  been  found  to  range  f row  7000  to  14,000  fps.* 
Moduli  of  defornetlon 

5.  Bepresentatlve  specimens  were  selected  for  dynanlc  and  static 
■odull  of  defornetlon  tests.  The  dyn«lc  aodull  were  determined  by  the 
proposed  AS1M  method  for  determination  of  ultrasonic  pulse  velocities 
and  elastic  constants  of  rock.  Due  to  the  unrealistically  high  shear 
velocity  to  conpreselve  velocity  ratios  observed  In  this  Material, 
dynanlc  constants  could  not  be  accurately  determined.  Tbs  static  moduli 
were  computed  from  theory  of  elasticity  by  use  of  strain  measurements 
taken  from  electrical  resistance  strain  gages  affixed  to  the  specimens, 
Mos.  2,  4,  and  14.  Stress-strain  curves  are  given  in  plates  1,  2,  and 
3.  All  apeclmens  were  cycled  at  10,000  pel.  Results  are  given  below. 


Specimen 

Mo. 


2 

4 

14 


Modulus,  pel  « 10* 


Young ' s 


Bulk  Shear 
Dynamic  Tests 


Static  Tests 


Shear 

Telocity,  fps 


Poisson's 

Ratio 


2 

4 

14 


5.9 

6.8 

5.1 


2.3 

3.0 

2.2 


2.8 

3.0 

2.8 


0.07 

0.12 

0.12 


All  of  the  rock  tested  herein  is  apparently  rather  rigid  material, 
exhibiting  slight  hysteresis.  The  stress-strain  curves  exhibited  some 
reverse  curvature  indicative  of  Initial  crack  closure. 


* Professor  S.  P.  Clark,  Jr.,  Handbook  of  Physical  Constants,  The 
Geological  Society  of  America,  Inc.,  Maw  York,  Mew  York,  1966. 
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Conclusions 


ft.  The  core  received  fron  hole  P-Ck-72  wee  sonewhat  verleble  in 
eppeerence.  Identified  by  the  field  log  received  with  the  core  ee  light- 
to  dark-grey,  fine-  to  nedlun-gralned  eendetone.  Physical  propertlee  of 
the  neterlel  were  noticeably  dependent  on  greln  else,  the  flne-grelned 
rock  being  slightly  wore  dense  end  decidedly  stronger  then  the  nedlun- 
grelned  neterlel.  The  nedlun-gralned  neterlel  was  still,  however, 
reletlvely  c on p* tent  rock,  the  lowest  uniaxial  conpresslve  strength 
observed  being  13,000  psl.  Conpresslve  wave  velocities  were  very  low, 
a characteristic  typical  of  sandstone  In  general. 


Property 

Fine  -Gra  Ined 
Material 

Medl un-Gra Ined 
Material 

Specific  Gravity 

2.566 

2.554 

Scheldt  Munber 

49.9 

48.4 

Conpresslve  Strength,  psl 

25,330 

17,520 

Conpresslonel  Wave  Velocity,  fpe 

9,410 

9,720 

Static  Young's  Modulus,  pel  x 10® 

6.4 

5.1 

I 


3TRISS -STRAIN  CURVE 
UnconflMd  Compression 
Specimen  P-CR-72-2 
Coup  Strg:  30,000  psl 


STRAIN,  microiiy'i; 
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STKt^J-STBAIN  COOTS  j| 

Uacoa  fined  CMptuilon  f’ 
Specimen  P-CR-72-4  :! 

Coap  Strgt  34,700  pal 


25000  tr. 


20000  HI 


15000 


STRAIN,  microiiyin 


PLATE  E2 


STRESS,  pol 


30000 


25000 


20000 


15000 


10000 


Vertical 


STRAIN,  microiVin 


4000 

3000 


ELATE  E? 


DATA  WORT 


Ho  la  P-CS-81 
28  Octobar  1969 

Ho  la  Location:  Franklin  County,  Haw  York 


Cora 


1.  Tha  following  corn  waa  ractlvad  on  6 Octobar  1969  for  taatlng: 


Cora  Flaca  Ho.  Approrlnata  Depth,  ft 


0 

>1 

0 


8 

16 

27 

38 

46 

56 

66 

74 

84 

93 

94 
103 
114 

123 

124 
129 
140 
150 
158 
167 
175 
177 
187 
199 


Daacrlptlon 

2.  Tha  aanplaa  racatnl  wara  aonawhat  var labia  In  appaaranea.  Accord* 
lag  to  tha  fiald  log  racalwad  with  tha  corn,  tha  rock  waa  Idantlfiad  aa 
raddloh-gray  to  gray  granitic  gnalaa  and  ehlorltle  hornblanda  gnciaa. 
Spaelnan  Hos.  4,  8,  10,  11,  IS,  18,  20,  and  21  contained  Incipient  frac- 
tureo,  a oat  of  which  warn  haalad. 


Quality  and  uniformity  teat* 


3.  To  determine  variation*  within  the  hole,  specific  gravity, 
Scheldt  nuatoer,  compressive  atrength,  and  coaprasslonal  wave  velocity 
were  determined  on  specimens  prepared  froa  representative  saaplea  aa 
given  below: 


Sample 

No. 

Core  Log 
Description 

Core 

Depth 

Sp  Gr 

Schmidt 

No. 

Coap  Coop  Wave 

Strg,  pal  Vel,  fps 

3 

Intact  Gaels* 

27 

2.734 

58.1 

27,300 

17,685 

7 

Intact  Gneias 

66 

2.729 

51.3 

26,380 

15,985 

10 

Vertical  Healed 
Fracture 

93 

2.634 

— 

20,750 

13,900 

11 

Healed  Incipient 
Fracture 

94 

2.684 

— 

30 , 6 10 

14,290 

14 

Intact  Gneiss 

123 

2.694 

-- 

20 , 760 

16,190 

15 

Intrusive  Material 

124 

2.959 

45.2 

27,970 

16,840 

17 

Intact  Gneiss 

140 

2.768 

— 

22,090 

19,440 

18 

High-Angle  Healed  Joint 

150 

2.746 

44.9 

9,520 

16,150 

19 

Intact  Gneias 

158 

3.076 

42.7 

21 .420 

20,490 

20 

Vertical  Healed  Joint 

167 

2.919 

42.8 

8,760 

20,300 

21 

Healed  Incipient 
Frecture 

175 

2.864 

44.9 

24,360 

19,700 

Average 

Joints 

; of  Specimens  with  Healed 
(2) 

2.832 

43.8 

9.140 

18,225 

Average  of  Intact  Speclaens  and 
Specinens  with  Healed  Fractures 

(9) 

2.794 

48.4 

24,630 

17,280 

4. 

The  Schaidt  hammer  test 

was  not  conducted  on 

several 

specimens 

due  to  possibility  of  breakage. 

Fractures  are  defined  herein 

as  irregular 

breaks 

broken 

surfaces. 

Coapresslve  wave 

velocltlea  exhibited  by  the  material  froa  thia  hole  were  quite  variable, 
possibly  due  to  the  presence  of  frequent  garnet  concentrations  rather  than 
general  incompetence  of  the  gneiss  Itself. 


Moduli  of  daf  or— tlon 


5.  Representative  opocl— no  were  selected  for  dynaale  and  otatlc 
aodull  of  dafor— tloa  taota.  Tha  dynaale  —dull  wars  deteralned  by  tha 
propoaad  ASTM  aatkod  for  detamlaatlon  of  ultraaoaie  pulao  velocities 
and  slestlc  eonatanta  of  rock.  Tha  atattc  aodull  wara  coaputad  froa 
thaory  of  alaatlclty  by  uaa  of  atraln  aaaauraaa nto  takan  froa  alactrleal 
raalatanca  atraln  gagas  affixed  to  tha  apacl— ao,  Poo.  3,  IS,  and  21. 
Stress-strain  cur  vat  ara  g Ivan  In  plataa  1,  2,  and  3.  All  apacl— no 
wara  cyclad  at  10,000  pal.  Static  aodull  for  apacl— no  3 and  1$  — ra 
coaputad  at  SO  parcant  of  ultl— ta  strength.  Static  aodull  for  opacl- 


— n 21  — ra,  dua  to  arratlc  bah a vl or  of  tha  horliontal  atrala  gagaa, 
coaputad  at  30  parcant  of  ultl— ta  strength.  Results  ara  glvan  below. 


Sped— n 

Modulus,  pal  x 10s 

Shear 

Poisson's 

Po. 

Young's  Bulk  Shear 

Velocity,  fpa 

Ratio 

Dyne ale  Tea to 


3 

s.s 

6.9 

3. A 

9660 

0.29 

IS 

9.6 

6.1 

3.9 

9860 

0.2A 

21 

10.2 

9.8 

3.8 

9990 

0.33 

Static 

Tea  ta 

3 

S.S 

5.7 

3. A 

0.25 

IS 

12.2 

8. A 

A. 8 

— 

0.26 

21 

9.1 

5.7 

3.7 

— 

0.2A 

All  of  the  rock  tooted  herein  la  apparently  rather  rigid  — terial, 
exhibiting  little  hysteresis. 


L. A 


Conclusion* 


6.  lb*  corn  received  from  hole  P-CR-81  wa*  somewhat  variable, 


Identified  by  the  field  log  received  with  the  core  aa  reddish-gray  to 
gray  granitic  gaels*  and  chloritlc  hornblende  gneiss.  Several  specimens 
contained  healed,  Incipient  fractures:  two  contained  healed  joints.  The 


preaance  of  healed,  Incipient  fractures  appeared  to  have  no  effect  on 
uniaxial  coapresslve  strength;  the  Intact  and  fractured  naterlal 
exhibited  an  average  compressive  strength  of  24,630  psl.  The  naterlal 
containing  healed  joints  was  found  to  be  considerably  weaker  than  the 
remainder  of  the  rock,  possibly  due  to  the  angle  of  Inclination  and  the 


planeneas  of  the  joints. 


Property 


Specimens  Intact  Specimens 

Containing  and  Specimens 

Joints  with  Healed  Practurea 


Specific  Gravity 

2.S32 

Scheldt  Number 

43.8 

Compressive  Strength,  pel 

9,140 

Compress ional  Wave  Telocity, 

fw 

18,225 

Static  Young’s  Modulus,  pel 

x 10* 

9.1 

2.794 

48.4 
24,630 
17,280 

10.4 


STRESS-STRAIN  CURVE 
Uncoo  fined  Coapraaalon 
Specimen  No.  P-CR-81 -3 
Coop  Strg:  27,300  pal 


30000 


25000 


20000 


15000 


10000 


STRAIN,  microiiv/i; 


30000 


25000 


20000 


15000 


10000 


5000 


PLATT’  F2 


3 TOSS -STRAIN  CURVE 
Onconf Incd  Coapreaalon 
Sp*c twin  Mo.  P-CR-8L-15 
Coop  Stra:  27,970  pal 


in  n 


inn 


in 


inn 


STRA. SI,  raicroiryi 
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STRESS,  pal 


STM  S3 -STRAIN  CURVE 
Unconf load  Coapraaaloo 
Spcclati  No.  P-CR-81-2 
Comp  Strg:  24,380  pal 


30000 


25000 


20000 


15000 


10000 


2000 


STRAIN,  microir\/i; 
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Laboratory  tests  were  conducted  on  representative  rock  core  specimens  received  from 
six  core  holes  located  in  Clinton,  Essex,  Franklin,  and  Warren  Counties  near  Platts- 
burgh Air  Force  Base,  New  York.  The  results  of  these  tests  were  used  to  gage  the 
quality  and  uniformity  of  the  rock  to  depths  of  200  feet  below  ground  surface.  The 
core  was  petrographically  identified  as  predominately  quartz  sandstone  and  granite 
gneiss  with  relatively  small  amounts  of  amphibolite  and  mica  schist.  Schmidt  hard- 
ness, specific  gravities,  compressional  wave  velocities,  and  ultimate  uniaxial  com- 
pressive strengths  varied  considerably  throughout  the  area,  depending  primarily  on 
rock  type,  bedding,  and  nature  and  degree  of  fracturing  and/or  banding  present,  if 
any.  A hole-to-hole  evaluation  of  the  area,  based  on  physical  properties  exhibited, 
indicates  that  the  sandstone  yielded  by  Holes  P-CR-6U  and  P-CR-72  was  generally  com- 
petent rock,  provided  anisotropy  is  not  a disqualifying  quality.  The  granite 
gneisses  tested  frcm  Holes  P-CR-22  and  P-CR-81  would  also,  in  spite  of  the  presence 
of  seme  material  of  marginal  quality,  appear  to  be  relatively  competent  rock.  The 
gneiss  received  from  Holes  P-CR-8  and  P-CR-U6  contained  significant  amounts  of  in- 
competent material.  More  extensive  investigations  will  be  required  in  order  to 
accurately  assess  the  areas  under  consideration. 


